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PREFACE. 



In order to render this book useful to those who employ, or 
are employed about, Steam Engines, I have included in it 
various rules and practical data formerly published in my 
" Essay on the Boilers of Steam Engines," and have endea- 
voured to embody the necessary information relative to such 
improvements in principle or construction as have come into 
practical use since the date of the former publication. This 
will, therefore, probably supersede the necessity of a new 
edition of that work. 

It. A. 

65, Fenchurch Street, 
London. 
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STEAM BOILERS. 



CHAPTER I. 



On the Proportions of Boilers suitable to different Situations and Circum- 
stances ; with Examples. 

Section 1. — Introduction. 

Without agreeing in the opinion expressed by M. Pambour 
in the introduction to his excellent treatise on Railway Loco- 
motive Engines, namely, that the theory of the steam engine 
itself has not yet been explained, we may with much truth 
affirm, that with respect to the steam boiler, even up to the 
present period, his words are peculiarly applicable, however 
successful has been the general practice. 

Under such circumstances it is not surprising that a great 
variety of opinions are held on the subject. This difference 
of opinion relates not only to the form of boiler best adapted 
to supply the greatest quantity of steam with the least expen- 
diture of fuel, but also to its dimensions or capacity suitable 
for an engine of a given number of horses' power ; the mere 
arithmetic of the question remaining up to this day unsettled, 
or not generally agreed on : this latter subject we propose to 
consider principally in this and the two following chapters. 

The only rule, if rule it be, for adjusting the dimensions of 
boilers amongst practical engineers and boiler makers, is to 
endeavour to have them larger than necessary ; hence it is 

B 
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a common observation with them, that a 10-horse engjne 
should have a 12 or 15 -horse boiler, or a 20-horse engine 
ought to have a 30-horse boiler, and so on. And we have 
known more than one extensive and successful manufacturer 
of engines, under 20-horse power, adopting the rule of making 
their boilers always 2-horse power more than the engines 
they are intended to drive. Certain vague notions have long 
existed amongst engineers, as well as with some writers on 
the subject, that there ought to be about 5 square feet of 
surface of water, or of the largest horizontal section of the 
boiler, for each horse power ; and this mode of reckoning by 
water surface has more to do with the effective power of the 
boiler than at first view appears, but it only applies to the 
ordinary wagon boiler without internal flue. It has also been 
commonly considered that there ought to be about 25 cubic 
feet of space in the boiler for each horse power. The first of 
these data has become common amongst engine men as their 
only acknowledged rule for roughly estimating the power of a 
boiler, although both it and the mode of estimating by the 
cubic capacity have generally been scouted by scientific en- 
gineers ; but with how little reason, while the latter have not 
furnished us with better methods, we shall see in the sequel. 

After consulting Farey's, Tredgold's, and nearly all the 
other English works treating on the steam engine, besides 
discussing the matter with various eminent scientific persons 
and practical engineers, as well as with many of the most 
experienced manufacturers in Lancashire, we were convinced 
of the necessity of instituting and comparing a great number 
of experiments on a large as well, as on a small scale, and 
under a variety of different circumstances, in order, if possible, 
to deduce rules that might at least be applicable to those 
forms of boilers in general use. 



on steam boilers. «1 

Section 2. — Experimental Boiler. 

Amongst our earlier experiments, on a small scale, was one 
with a common furnace pot, or boiler, of cast iron, such as are 
usually set in kitchens, sometimes called a copper; it was 
capable of holding 18 to 20 gallons; the fire grate was 
6 inches by 8, or one-third of a square foot in area, and the 
whole of the heating surface exposed to the fire was about 
3 square feet. Into this boiler was measured 2 cubic feet of 
water, which was made to boil, after which it was found that, 
by feeding the furnace with coal and the boiler with water, 
and at the same time managing the draught of the chimney 
so as to keep the water boiling nearly at a uniform rate, the 
consumption of good coal was at the rate of 4£ lbs. per hour, 
and the quantity of water boiled away in that time was exactly 
2 gallons, or very nearly one-third of a cubic foot ; the 
temperature of the water supplied, to make up for the evapora- 
tion, being 62°. 

As it is very common to reckon the evaporation of a cubic 
foot of water per hour as sufficient to furnish steam for one 
horse power, we have only to multiply each of the foregoing 
data by three to obtain the following proportions : — 

1 cubic foot .of water evaporated per hour requires 

9 square feet, or 1 square yard of heating surface, 

1 square foot of surface of fire grate, and 

13£ lbs. of good coal. 
We thus obtain what may be called a rough estimate of a 
boiler of 1 -horse power, and with an expenditure of fuel 
approaching to what was formerly considered, by the oldest 
disciples of the Boulton and Watt school, the proper, though 
very ample allowance of 14 lbs. of coal per horse power per 
hour. 

This experiment, which was frequently repeated and verified 
in a variety of ways r was of course made with an open-topped 
boiler, which induced me to make several other experiments 

b 2 
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with a variety of small closed boilers, more nearly assimilated 
to the condition of an ordinary steam boiler attached to an 
engine at work ; the results were in all cases, whether under 
a pressure of 4 or 5 lbs. per square inch, or open to the 
pressure of the atmosphere alone, so nearly agreeing with the 
above, that, excepting increasing the quantity of water in the 
boiler, which increased the quantity of fuel used in getting up 
the steam, but at the same time lessened the other portion of 
the general consumption by lessening the difficulty of regulat- 
ing the fire, the evaporation being steadier, there was no other 
alteration that materially affected the results as given above. 

Section 3. — Steam Engine and Boiler Horse Power. 

There is a remarkable coincidence in the figures expressing 
the dimensions of the apparatus and the effect produced in 
the above experiment, which renders it extremely convenient 
for forming a unit measure of steam boiler power; for we 
have only to conceive a vessel, say a cube for instance, of 
3 feet square, or a cubic yard in capacity, with its lower side 
of one square yard in area, and exposed to the action of a fire 
on a grate of one square foot in area ; let this vessel be nearly 
half filled with water, and then, after the steam is once got up, 
we have, by burning away 13 to 14 lbs. of -coal in an hour, 
1 cubic foot of water converted into steam, equal to the pres- 
sure of the atmosphere or a little above. This, if well applied, 
in a good Boulton and Watt engine, is well known to be at all 
times amply sufficient for one-horse power. It will do this 
even in a small short- stroke engine working without expan- 
sion, besides allowing various sources of waste and leakage 
from imperfect packing, &c. ; but in larger and long-stroked 
engines, made to work to a certain extent expansively by means 
of "Lap " on the valves or otherwise, and not loaded much 
beyond the nominal horse power of the engine, as was the 
practice of the above celebrated firm for the last twenty years 
of its existence, the steam from a cubic foot of water usually 
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produced an effect approaching more nearly to one-and-a-half 
horse power, thereby reducing the above rate of consumption 
below 10 lbs. instead of 14 lbs. per nominal horse power per 
hour. The entire mechanical, force developed in the evapora- 
tion of a cubic foot of water is, however, much greater than 
this; but the above may be taken as the worst result ob- 
tained from the low pressure condensing engine throughout 
the cotton manufacturing district of Lancashire for the last 
quarter of a century, where the coal is generally of an inferior 
quality; and where, until within the last ten years, such 
engines, with steam not exceeding 6 lbs. or 7 lbs. per square 
inch above the atmosphere, and wagon boilers, were all but 
universal. 

The measure of a -steam engine horse's power, as originally 
settled by Mr. Watt, and to which both Farey, Tredgold, and 
all other engineers of eminence have agreed to refer as a 
standard, is a power equal to lift 150 lbs. 220 feet high per 
minute, or, what is equivalent thereto, 33,000 lbs. raised 1 foot 
high in the same time. It may be remembered that this wt&L 
no fanciful standard of Mr. Watt's, but really taken by him 
as the average power exerted by a mill-horse travelling at the 
rate of 2% miles an hour (or 220 feet a minute), and raising a 
weight of 150 lbs. by a rope, passing over a pulley, as appears 
by Mr. Watt's letter to Dr. Brewster, in the second volume of 
Dr. Robinson's Mechanical Philosophy, 1822. This standard 
horse power of Mr. Watt's ought not to be departed from, it 
having the merit of great simplicity and convenience. One 
hundred and fifty pounds being exactly divisible by six, which 
is the effective pressure per circular inch on the piston (nearly 
equal to 8 tys. per square inch) considered most suitable for 
the best modern engines working with little expansion, gives 
exactly 25, which is the number of circular inches per horse 
power in Boulton and Watt's original 40-horse engines very 
nearly. Hence, a cylinder of 5 inches diameter (=25 circular 
inches area), with an effective pressure of 6 lbs. per circular 
inch on a piston travelling at the rate of 220 feet a minute, 
will give out one-horse power. 



rudimentary treatise 

Section 4. — Consumption of Fuel at Factory 
Engines. 

Regarding the quantity of fuel ordinaril y consumed by steam 
engines in the factories of Yorkshire and Lancashire, an im- 
mense deal of misconception and ignorance has hitherto pre- 
vailed in some quarters, which it will be worth some trouble 
to remove. Considering the great importance of correct sta- 
tistics on this branch of the subject, I took some pains in 
endeavouring to arrive at the truth previous to making the 
statements on this head in my first practical Essay on Boilers, 
published more than twelve years ago. In obtaining the best 
authorities in Manchester there was no difficulty, for in the 
hundred cotton factories of that city I had direct access to the 
coal account of nearly one-half, besides having been several 
years previously well acquainted with the minutiae of the 
working economy of their engines and boilers. Besides this, 

1 had a similar acquaintanceship with a still greater proportion 
/of the factories in Preston, Bolton, and Stockport, as well as 

throughout the cotton manufacturing district generally. More- 
over, in stating that the consumption of fuel per nominal 
horse power of the engines in the cotton factories, was some- 
thing under 10 lbs. per hour on the average, I did not leave 
the fact to rest on assertion and authority alone, however in- 
disputable, but gave various reasons for believing that it could 
not be more than 10 lbs. 

Notwithstanding this, some authors of large books, with no 
mean pretensions to accuracy, as well as writers in the public 
scientific journals, have gone on from that day to this reiterat- 
ing the extravagant assertion, that the "ordinary" consump- 
tion of coal in the manufacturing districts is 15 lbs. to 18 lbs. 
per horse per hour, while the same quantity of work is per- 
formed by the Cornish, French, and Belgian engines, for 
2\ lbs. to 3 lbs., or apparently one-sixth of the Lancashire 
consumption. Now, to say nothing of Belgium or France, the 
engineers of the latter country, being supplied with the same 
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tools, the same means, and having generally speaking more 
science, and some other advantages, ought really to go a step 
in advance of the native country of the steam engine. The 
great disparity between the Cornwall and, Lancashire state- 
ments might have been reconciled by any common-sense ob- 
server asking the simple question, Are not the Cornisji engines 
of very great power, and generally not half loaded, while the 
Lancashire engines are frequently loaded to double their 
nominal power ? — which would at once account for two-thirds 
of the anomaly, while the rest is amply accounted for by the 
great superiority of the Welsh coal used in Cornwall over the 
"Slack" and "Burgey" used in Lancashire. Although not 
very precise, this is a true and very nearly correct statement 
of the case, as we shall have several occasions to prove in the 
course of this work. 

It ought also to be borne in mind that the 14 lbs., or \\h 
of a cwt. of coal per horse per hour spoken of, is the whole 
or " gross " consumption, which includes all that- used for 
getting up the steam every morning, as well as to supply 
steam sufficient for heating the building. This, in the prac- 
tice of the best-regulated cotton-mills in Lancashire, is 
found to be very considerable, even during summer, in addi- 
tion to steam used for a great many other heating purposes 
peculiar to the cotton manufacture. One-eighth of a cwt. per 
hour is equal to 10 cwt., or half a ton, for 80 hours ; and as 
13£ hours per day (when the engine works 12 hours), or 
rather more than 80 hours per week, is about the length of 
time that the boilers are at work during each week, in cotton 
mills, we may state generally that half a ton per horse power 
per week is the average gross consumption. 

Now, in order to obtain the average net consumption of 
the cotton-mill engines in Lancashire, we must first deduct 
the proportion required for " steaming " the mill, which, as 
it depends on a great many varying circumstances, is not 
easy to estimate. It is generally supposed that in the best 
constructed modern factories it is impossible to be less than 
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from 10 to 15 per cent. There is reason to believe from ac- 
counts of coals kept where separate boilers are used for this 
purpose, as well as from measurements made of the quantity 
of condensed steam-water obtained from the steam-pipes, 
that the average quantity of fuel required for heating a cot- 
ton mill cannot be so little as 20 per cent, of the whole con- 
sumption, and in one instance I found from the last-mentioned 
mode of estimating, that it was near 30 per cent. ; but, to be 
on the safe side, we will only take it at 15 per cent., when it 
will leave 

14 — (y 1 /^ of 14 = ) 2- 1 = 1 1 *9 lbs. per horse power per hour 
for the consumption on account of the engine alone. 

"When the above estimates were made, the engines in cotton 
factories uniformly worked 69 hours per week ; which calcu- 
lation it will be best for our present purpose to adhere to, since 
the Short Time Act has introduced a very uncertain element,, 
that is, the want of uniformity in different mills ; the only 
thing certain at present ascertained, is, that the saving in fuel 
is nothing like equal to the diminution of the time. This 
reckoning allows only 1 1 hours during the week for getting up 
the steam every morning, and for stoppages at meal times, 
which gives one hour and three-quarters per day, with half-an- 
hour extra for Monday morning. All persons practically con- 
versant with this subject, know this is a very low estimate^ 
and would not reckon two hours sufficient for this purpose, in* 
an average of mills, and taking the year through. Considering 
also that there must be at least as much coal laid on per hour, 
in getting up the steam, as is used per hour after, we are 
certain to be within the truth by allowing 15 per cent, of the 
whole consumption for that purpose. Therefore, we have 
11*9 less by 2*1 = 9*8 lbs., or say nearly 10 lb. per horse per 
hour, as the net consumption of coal while the engine is at 
work. There is great difficulty in coming at the exact pro- 
portion in cotton factories, on account of the consumption for 
this purpose being unavoidably mixed up with that for steam- 
ing the mill before mentioned, which is always the greatest in 
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the morning at the same time when the steam is heing got up 
for the engine; consequently very great discrepancies of 
opinion are met with on the subject. 

"Whatever may be the exact amount of each of the two 
items we have been treating of, namely, for getting up the 
steam and for heating the mill, we are well assured that the 
combined amount of the two, 30 per cent., at least, ought to 
be deducted from the gross amount of the coal used, in order 
to get at the net consumption while the engine is at work, 
leaving it, as already stated, under 10 lbs. per horse power 
per hour. 

Now, it must not be forgotten that all the above statements 
and estimates are founded on the nominal horse power of the 
engines only, while it is well known that the cotton-mill 
engines are very commonly working to double their nominal 
power ; and usually considered light loaded if only working to 
one-half more, which latter proportion I would say is within 
the average load on the engines throughout the cotton-mill 
district. This consideration at once reduces the apparent 
consumption by one-third, or from 10 lbs. to between 6 and 
7 lbs. per horse per hour. 

Section 5. — The Flued Cylindrical Boiler. 
The second experimental boiler I took some pains in in- 
vestigating was of a cylindrical shape, a kind commonly used 
to high-pressure engines, as this one was, and generally con- 
sidered very safe and strong. Its dimensions were as follow 
(see Fig. 1). The shell of the boiler was 5 feet in diameter 
outside, and 9 feet long ; it contained a cylindrical flue tube, 
running through the lower part from end to end, of 18 inches 
inside diameter. The fire grate was 3 feet 6 inches square, 
or 12£ square feet area, and placed under the boiler close to 
one end. The flame or smoke, after passing from the fire and 
under the boiler bottom to the further end, rises up and re- 
turns through the inside flue to the front end above the fire- 
door, where it is allowed to divide itself into two brick flues — 
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one on each side — through which it is conducted along the 
sides of the hotter again to the back ; here the two currents 
again unite, and proceed in one main flue to the chimney. 
When the current of smoke and hot air is thus divided into 
two flues, it is called a "split draft," and when it is continued 
round in the same direction, it is called a " wheel draft." 

This boiler, according to the common horizontal measure- 
ment of 5 square feet, would be equal to wiwe-horse power ; 
but engineers who are in the practice of making this kind of 
flued boilers usually consider the diameter of the inside flue 
tube as equal to so much added to the width of the boiler, a 
mode of estimating its evaporating power which gives a result 
nearly correct. For in cases like this, where the boiler is 
short in proportion to its length, a great portion of the flame 
must act a3 effectually against the top of the inside flue as it 
/would have done against a continuation of the boiler's bottom. 
So near, in fact, to the truth has all examinations of the 
power of boilers by this rule proved to be, that with a proper 
divisor and due allowance being made for the capacity of the 
•boiler as respects room for water and steam, I do not hesitate 
to recommend its general adoption for boilers of this descrip- 
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tion. With respect to the proper divisor, it may be remarked, 
that although many practical engine and boiler makers have 
generally used the number 5, which gives, as they term it, 
5 square feet of "surface of water" per horse power, others, 
and amongst them the late Mr. Benjamin Hick, of Bolton, 
were accustomed to give 5£ square feet, both in cylindrical and 
wagon boilers; while many country manufacturers, when 
ordering new boilers, have insisted on having 6 feet of water 
surface per horse ; remarking, that after following that rule 
for many years they never got a boiler too large. 

We shall also very soon show that 5 J square feet of " water 
surface " per horse is perhaps more eligible as being applicable 
to a greater variety of boilers. 

According to Mr. Hick's rule, the power of this boiler will 
be calculated as follows : — 



Width or diameter of boiler 
Ditto of inside flue . . . 


. . 5 feet. 
. . 1£ 


Multiply by the length 


6-5 


Divide by 5^- or . . . 


5-5)585(10-6 
55 




350 
330 



This gives rather more than 10-J- horse power. 

The evaporation in this boiler was ascertained to be very 
regularly from 10 to 11 cubic feet of water per hour, with 
from 12 to 15 lbs. of coal for each cubic foot ; say 4£ to 5£lbs. 
of water evaporated to each pound of coal consumed. It was 
attached to a high pressure or non- condensing engine nominally 
of 12-horse power, but certainly when at the best not doing so 
much as 10-horse power, although working with a pressure in 
the boiler of above 30 lbs. per square inch. One cause of the 
great want of economy in this engine arose from what used to 
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be described, before tbe times of metallic pistons and railways, 
tbe " natural defects " of tbe bigb-pressure engine, namely 
bad " packing " and bad " exhaust," by wbich nearly double 
tbe quantity of steam was used that would have been required 
in a low-pressure engine to do the same work, besides requiring 
very close attention, and what is called " hard firing," to get 
tbe proper speed out of the engine. This " hard firing," which 
for non-professionals may be translated to mean "hard work 
at firing and stoking," again superinduced other evils, of which 
by far the greatest was the "priming " of the cylinder with 
water, and sometimes dirty water too, instead of steam, of 
which and the cause of it more in the sequel. 

As this work is meant to be practically useful to tbe work- 
ing mechanic and engineer, we make no apology in giving the 
following direction and formula for finding the power of any 
boiler of this kind on the common carpenter's slide rule, in 
addition to the arithmetical operation already given. 

Set the divisor or gauge point g p, for the power = 5 J 
upon a, against the length l = 9 upon b ; then against the 
diameters of the boiler and flue, added together, <?= 6£ upon a, 
is the horse power h p upon b = 10*2. 

a | g p = of | d = 6£ 



l =9 h.p. = 10*2 



As there is no necessary calculation about a steam engine 
that cannot be done with a few simple operations of the slide 
rule, every workman's attention ought to be urged to it for 
many reasons, but mainly because it gives him ready facilities 
in comparing the proportions of engines and ^boilers by dif- 
ferent makers without waiting for long laborious calculations, 
only to be done after some of the main circumstances affecting 
the action of the engine are forgotten. For this purpose no 
intelligent engine drive i or stoker ought to be without a slide 
rule, and for that purj ap there is no absolute need of carrying 
a " two foot ; " one suificient for all common purposes is only 
4 inches long, with a reversed slide, and may be carried in the 
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waistcoat-pocket. It has both a direct and a reversed line ea 
the slider, which gives it several advantages, besides that of 
going into one-half the compass ; and, as we shall make some 
use of it in this work, we shall repeat the operation as an 
example. 

Reverse the slide, then set the diameter d of the boiler and 
flue upon a, against the length l, upon o, then against Mr. 
Hick's divisor or gauge point h = 5} upon a, is the horse 
power h p upon d. 

h = 5j | d = 6j 



hp== 10i J l = 9 

In the same manner, without altering the slide, you have 
opposite the other three divisors their corresponding results, 
the same as if set down in a table thus : — 

The divisor 5 gives the result . . llf horse power. 
Ditto 5£ ditto ... 10J ditto- 
Ditto 5£ ditto . . . 10-2 ditto. 
Ditto 6 ditto . . . 9f ditto. 

Another advantage of the reversed slide is, that either the 
divisor or the result may be taken on either line a or o, indif- 
ferently, without the risk of any mistake. 

We shall now compare the dimensions of this boiler with the 
unit measure derived from the first experimental boiler. 

Circular feet. 
Diameter of boiler squared, or 5 2 . . . = 25 
Deduct area of end of flue, or (ll) 2 . . = 2£ 

Net area of boiler end = 22f 

This multiplied by 7854 . . . . = 17*86 sq. feet. 
Again multiplied by the length, 9 . =160*74 cub. feet. 
Which, divided by 27 = 5*95 cub. yards. 

The last two lines give the total capacity of the boiler for 
water and steam nearly six cubic yards. This, equally divided 
between steam and water, gives 160 i *-2-*-10 = 8 cubic 
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feet of water per horse. But, as in the first experimental 
boiler, it was found by several trials that a greater proportion 
of water was more economical, as tending to balance any want 
of uniformity in feeding the fire, or in the action of the force 
pump which supplied the boiler with water, and on that ac- 
count the quantity of water really worked with was about 
4 cubic yards, or nearly 1 1 cubic feet, per horse power. 

Since the advent of locomotives and tubular boilers, many 
engineers will object to this quantity of water as unnecessarily 
large. The results stated, however, were from careful experi- 
ments made purposely to see what quantity of water was the 
best under common circumstances, as in this boiler, which was 
not supplied with water by self-acting feed apparatus, and 
therefore not constantly uniform ; had that been the case, and 
had the fire been also supplied in a similar manner with fuel, 
there is every reason to believe the quantity of water might 
have been greatly reduced with advantage. 

The water room being thus increased, the steam room was 
of course diminished to about one-third of the capacity of the 
boiler ; a space founjl to be quite small enough even when the 
engine had only half its load on. This evil was in some 
measure remedied by a method of working, which partially 
prevented the occasional boiling over or " priming over" of the 
water from the boiler into the cylinder, although accompanied 
with a considerable deduction from the power of the engine, 
by a process which is technically called "wire drawing the 
steam" or, in other words, "throttling" or partially closing 
the passage for the steam through the main steam valve or 
nozzle in the steam induction pipe leading from the boiler to 
the engine ; one of the effects being that in order to get the 
same work out of the engine the steam required to be worked 
a great deal higher in the boiler than in the cylinder. This 
wire- drawing process was at one time much lauded by some 
advocates of high-pressure engines and steam-carriage pro- 
jectors as an important discovery ; it is simply, however, only 
an expedient to enable an engine to be worked with too small 
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a boiler ; and if not with an increased consumption of fuel, 
certainly with increased tear and wear as well as danger of 
bursting the boiler. 

The above remarks on wire-drawing steam are nearly in the 
same words as a similar statement in the first edition of the 
"Practical Essay;" — that statement, however, like many 
others in that work, to be properly understood, requires some 
modification and explanation which greater consideration and 
more correct observation of results obtained by the application 
of the steam-engine indicator now enable J me to give. It has 
been pretty well known to engineers for the last thirty years, 
that great economy of steam and consequently of fuel was to 
be obtained by working steam expansively, that is, by causing 
the steam to be shut off some time before the piston reached 
the end of the stroke, the remainder of the stroke being ac- 
complished by the expansion of the steam already within the 
cylinder. It is, however, not so well known — at least not so 
universally admitted — that all engines working with a crank 
and flywheel, if working at a good speed and with a moderate 
load, have at all times worked the steam expansively, and must 
necessarily do so, even without any lap on the valves or other 
arrangement for cutting off the steam. This arises from the 
variable velocity of the piston, which at the beginning of the 
stroke is very slow ; but as the motion becomes quicker to- 
wards the middle of the stroke, the aperture for the admission 
of the steam becomes too small to keep up the pressure, and 
the steam in consequence expands. The continued admission 
of the steam, however, as the piston arrives at the slow part 
of its motion again, and the crank approaches the centre, would 
cause a greater expenditure of steam without a corresponding 
advantage. Engines, therefore, have usually been made with * 
a little lap on the steam side of the slide valve, in order to 
obviate this defect. This is made very plain by examining 
the indicator diagram of a throttled engine working with a 
moderate lap on the slide, and its action will be found to be 
very nearly the same as that of an engine working with a con- 



16 RUDIMENTARY TREATISE 

siclerable amount of expansion obtained by a separate expansion 
valve. 

So much for economising steam by working with a throttled 
engine ; but it will be well to look to the disadvantages thereby 
occasioned with respect to the evaporative power of the boilers, 
to say nothing of the danger ; for it is quite certain that the 
risk of bursting the boiler increases directly with the pressure. 
Other things remaining the same, the boiler is also weaker as 
its diameter is increased ; although giving a large capacity of 
steam chamber need not necessarily increase the diameter of 
the boiler; for, as we shall soon have occasion to show, a 
separate cylindrical steam chamber is in every respect more 
eligible. The main reason, however, why the particular way 
of working the engine affects the evaporative economy of the 
boiler is this : the more the steam is throttled, the slower the 
water boils; and, other circumstances being the same, it is 
quite evident that the less rapidly ebullition is carried on the 
less steam is produced, and the more coal is wasted— an un- 
answerable argument against the advocacy of great, rather 
than good boilers, which we shall have further occasion to 
refer to. 

Section 6. — Area of Heating Surface. 
The most important consideration that affects the calcula- 
tion of the evaporating power of the boiler is the quantity of 
heating surface, or surface exposed to the hot air, and the 
proper method of measuring it. The usual method of esti- 
mating the whole area of surface exposed to the hot air as 
heating surface, has been a fruitful source of mistakes and 
misapprehensions among steam engineers : because, as heat is 
with difficulty made to pass downwards to any useful purpose, 
it is plain that such portions of the surface only as are exposed 
to the upward action of the flame and hot air, ought to be 
considered as effective heating surface to its full extent. With 
regard to the upright or perfectly flat vertical portions of a 
boiler there may be a question, but it seems to be agreed to 
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by all who have attended to this subject, that at any rate the 
ordinary side surface is not more than one-half as effective in 
generating steam as the under surface, and we ha?e assumed 
this to be the ratio in the following calculation, which is in- 
serted merely as an example of a method of computing the 
heating surface, which is found to be sufficiently correct for 
practice, when applied to the ordinary forms of boilers in 
general use.. In the boiler under consideration — 

Sq.ft. 

The area of the boiler bottom 9 x 3| =31*5 

The two sides together \\ x 18 = 27, take half . =13-5 

The two ends about 12 ditto . = 6*0 

The inside flue \\ x 3*1416 x 9 =42*4; of this-i 

only the upper half can be considered as actual or > = 21*2 

effective heating surface .J 

72-2 



This sum divided by 9 gives 8 square yards as the total 
effective heating surface of the boiler, which is considerably 
less than 1 square yard for each horse power, taking the 
boiler to be 10^ horse, according to Mr. Hick's rule. This m 
part accounts for its extravagant consumption of nearly 15 lbs. 
of coal per cubic foot of water evaporated, being 1£ lb. more 
than was required in our first experimental boiler, although 
the coal was of the same quality in both cases. 

We have, however, not yet taken into account the most 
important element, if not of the economy at least of the power 
of the boiler, and that is the size of the fire grate, which, being 
12£ square feet in area, gives more than 1 square foot for 
each horse power. Hence, by the area of effective heating 
surface, the boiler is a little more than 8 horse, whilst accord-| 
ing to the area of fire grate it is above 12 ; therefore, we may 
take the mean, say about 10 -horse power, which gives about 
the same proportions as the data assumed from the first 
experimental boiler. 

It may here be remarked that, had the situation in which it 
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was placed admitted, this boiler, for a 12-horse engine, ought 
to have been made 12 or 14 feet long, and a little less than 
5 in diameter, and then it would hare done as well without 
$& with the flue- tube ; excepting that the latter makes a good 
stay for the boiler ends. The space fixed on for the reception 
of the boiler, however, admitted of no extension in any direc- 
tion. Nothing is more difficult to arrange economically than 
the packing of an efficient and durable boiler into too limited 
a space. The foregoing is an example of one belonging to a 
small work (not a cotton factory) in the centre of the city of 
Manchester ; and is, perhaps, the best arrangement that could 
be made with the means at command, and where the price of 
good coals is usually about 6s. per ton ; the large consumption 
of coal being the principal evil entailed by the difficulties of 
the case. In some places, London for instance, where coal is 
three times the above price, a different arrangement is more 
adviseable ; and it may be interesting in a practical point of 
view to know not only what ought to be done in a similar case 
under such altered circumstances, but (as I happen to have an 
opportunity) also to show what actually has been recently done 
by one of the principal firms of mechanical engineers in the 
metropolis. 

Section 7. — The London or Small Cornish Boiler. 

This boiler is described in detail, and the various data con- 
nected with it given for the purpose of adverting to hereafter. 
It is called the "London" boiler for distinction's sake only; 
because the space in which it is place. 1 is so very nearly 
(exeept in height) of the same extent as that occupied by the 
Manchester boiler described in the last section, and because I 
consider it very judiciously arranged for meeting the difficulties 
of a confined situation, such as frequently occur in the densely 
crowded localities of large cities. It is on that account also a 
useful practical lesson for boiler engineers. 

The shell of this boiler is 5} feet in diameter, and 9£ feet 
long, being 3 inches wider, and 6 inches longer than the 
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Fig. 2. 
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Manchester boiler just referred to. It has a cylindrical fire- 
tube flue running through it of 2 feet 10 inches diameter; 
which, like all other Cornish boilers, contains the furnace and 
fire-bars. These dimensions, according to Mr. Hick's rule, 
(p. 13), and the following operation by the slide rule, give 

a 1 g.p. 5fr J ^=5-25 + 2-8=8 
o J h.p. 14 | l = 9i 

the nominal power of the boiler as equal to fourteen horses, 
or one -third more than the Manchester boiler, so far as the 
heating surface is concerned. 

The fire grate, consisting of 25 fire bars of -Jth inch thick on 
the top face, with f th inch draft spaces between each, is 4 feet 
long by 2 feet 9 inches wide, or 1 1 square feet in area, and it 
is so arranged with a removable brick bridge that the whole 
or any less area of grate can be used that is found most 
economical, and is at present working with 3£ feet length of 
fire-oar, or 9 square feet in area. The greatest rate of com- 
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bustion when the draft is full on is about 16 lbs. of the best 
Newcastle coal per square foot per hour ; the draft into the 
chimney flue, which has no connection with any other fires, 
being at the time equal to the pressure of a column of water of 
0*46 inch high, and the actual velocity of the smoke up the 
shaft about 20 feet per second. 

The current of flame and hot air in this boiler first passes 
from the fire through the flue tube to the back end of the 
boiler, whence it returns under one side of the shell to the 
front, where it crosses into the other side flue, through which 
it proceeds to the chimney in a continuous or wheel draft. 

In order to obtain the cubic capacity we have — 

Cir.ft. 

Diameter of boiler squared, or 5*25 1 2 =27.56 

Deduct area of end of tube, 2*83| 2 =8 

Net area of boiler end 19*56 

This multiplied by *7854 = 15*36 square feet, and again 
by 9-J- feet = 145*9 cubic feet for the capacity of the barrel of 
the boiler. But there is also a steam dome or box from which 
the steam pipe proceeds, erected on the top of the boiler, the 
ostensible purpose of which is to prevent priming. 

This steam dome is oval, in section 2 feet 6 inches by 3 feet 
2 inches and 3 feet 1 0|- inches high, equal to about 24 cubic 
feet, and making the total capacity of the boiler nearly 1 70 
cubic feet, which is only about 10 feet more than the Man- 
chester boiler, and consequently, like that, it is found to be 
very liable to prime. It appears also that allowing 6 inches 
depth of water over the top of the flue — which is the least that 
ever ought to be allowed for safety — the quantity of water 
worked with is equal to about half the net capacity of the 
barrel of the boiler, pr 73 cubic feet ; and calling the boiler 
14-horse, it gives only 5*2 cubic feet per horse power, or only 
about half that required by the Manchester boiler, which is a 
remarkable difference. On the other hand, the steam-room is 
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larger, being, including the dome, not less than 7 cubic feet 
per horse power. 

If the heating surface of this boiler be calculated in the 
same way as before, in order the better to compare it with the 
Manchester boiler, and taking the inside tube flue first — we 
have 2*8 X 3-1416 x 9^=83*55 square feet; but taking the 
upper half only as effective heating surface, as before, it 
is=4 1. 77. 

In measuring the side surface in all boilers set up in this 
way, there is a difficulty in fixing the proper line where the 
bottom surface ends and the side surface begins, but, as the 
side flues are gathered in about 6 inches above the central line 
of the boiler, it appears fair to consider the side to extend to 
the same distance below, as that would make it equivalent to 
so much vertical surface. 

The sides, therefore, will be 1 foot deep by 2 x 9y long, 
half of which being effective = 9*5 square feet. 

The bottom surface will of course consist of all the rest of 
the shell exposed to the heat, except that portion occupied by 
the central supporting wall ; or 

5*25 X 3*1416 h- 2, - 175 X 9£ = 61718 square feet, 
which, added to the tube and side surface, gives the total 
effective heating surface = 1 12*988. This divided by 9 gives 
12*55 square yards. 

In comparing this calculation with that of the Manchester 
boiler (at page 1 7), we begin to see the reason of the great 
superiority of the London one, not only in having a larger 
proportion of heating surface, but in having a greater portion 
of the lower part of the shell effective, principally arising from 
the absence of the two supporting walls, which in the former 
case confine the bottom heating surface to a comparatively 
narrow strip, less, in fact, than is obtained by the top of the 
flue only of the London boiler. 

The general results of the above comparison show that the 
London boiler, which is so very little larger, and, with the 
accompanying brickwork, really goes into less space, has 50 
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per cent, more in area of effective heating surface, to little 
more than half the quantity of water, than the Manchester 
boiler. The economical results in practice are of course found 
to be correspondingly great. The quantity of water evaporated 
in the London boiler being considerably greater for each 
pound of coal consumed, — in fact nearly double, or equivalent 
to saving one-half the coal in doing an equal quantity of work. 
It is true that a difference in the quality of the coal used in 
each case no doubt contributed its share in producing the 
different results, although in both cases the best coals obtain- 
able in their respective districts were necessarily used. There 
were also some instructive points of difference connected with 
the furnace and draft, to be adverted to hereafter. At present 
we shall only remark that, in estimating the heating surface, 
Mr. Hick's rule of 5|- square feet of water surface or of hori- 
zontal section per horse power, which is quite suitable to the 
Manchester boilers, that admit of using a greater quantity of 
cheap coal on a larger fire grate underneath the boiler, does 
not appear so applicable to the London boiler, with its fire 
grate of more limited dimensions withintide the boiler, and on 
that account necessarily requiring a better quality of fuel. 
This difference of construction, as respects the furnace requir- 
ing a better quality of coal than is obtainable in Manchester, 
again creates the necessity of a larger area of heating surface, 
in order that the smoke or other products of combustion may 
pass off into the chimney at the same moderate temperature in 
each case. On this account mainly, there can be little doubt 
that six square feet of section per horse power would be quite 
as eligible for one description of boiler as Jive and a half is for 
the other. Thus calculated, the nominal power of the two 
boilers will stand thus : — 

Manchester . . . — — 1 = 10*2 horse power. 

London. . . . 525 + 2 ] 8 * 9 ' 5 = 127 ditto. 
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In recommending, several years ago, an intermediate number 
as a divisor that will be more generally applicable to all kinds 
of stationary boilers, — namely five and three-quarters, or, 
what is preferable, perhaps, 5*73 square feet, which gives 
exactly one square yard of effective heating surface per nominal 
horse power, — I did not then anticipate so strong a corrobora- 
tion of its propriety as the above two eases exhibit. I shall 
therefore have the/ less hesitation in using it in this work as 
the "unit of steam boiler power," — as well as to urge its 
general adoption by English engineers. 



CHAPTER II. 

Great Change in, with Review of, the Practice of the Manufacturing 
Districts. 

Section 8. — Wagon-shaped Boiler. 

In order to examine more accurately the proportions that have 
been generally adopted in practice, in connection with the 
common-law pressure condensing engine, it will be best to take 
an instance of a plain wagon-shaped boiler without any inside 
flue (see Fig. 3), say 20 feet long, 5 feet wide, and 6 feet 
8 inches deep. This description of boiler has been until 
recently in very general use throughout the manufacturing 
districts of Yorkshire and Lancashire, and with these dimen- 
sions it is called a 20-horse boiler, being well known to be 
fully equal to supplying steam for a 20-horse engine, with a 
very moderate consumption of fuel. They are also commonly 
made from 16 to 24 feet long, with the same depth and 
width, being considered as many horses' power as feet in 
length. 

In the furnace of this 20-horse boiler the fire grate is 
5 feet long and 4 feet wide, containing a set of fire bars in a 
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Fig. 3. 
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would be equal to 4*166 X 5 x 20 = 416*66 cubic feet ; but 
the capacity of this part is reduced by about £th, owing to the 
sides being made concave outwards, 5 or 6 inches on each 
side, for the purpose of obtaining greater strength for resisting 
internal pressure: the bottom of the boiler being arched 
upwards 10 inches, or 2 inches to each foot in the width of the 
boiler, with a similar view, as well as with a view to equalise 
the action or effect of the heat radiated from the mass of 
burning fuel on the grate. 

Therefore 416*66 _ 41 ^ 66 = 347.22 cubic feet. 
6 

To this add the upper part = 196*35 ditto. 



543*57 
This divided by 27 = 20* 13 cubic yards, which is the real 
capacity of the boiler. 

Something less than half of this space is allowed for water, 
and the remainder for steam. Some deductions require to be 
made for stay-bars, straps, and cutters, which are always used 
for strengthening this kind of boiler, leaving about 12 cubic 
feet of water room for each horse power. 

A rule for finding the depth of water in this boiler when 
the steam and water chambers are of equal capacity is as 
follows : — 

Take half the difference of capacity between the lower and 
upper part, and divide it by the area of the water surface, 
then deduct the quotient from the depth of the lower part of 
the boiler, and the remainder is the depth of water, taken per- 
pendicularly over the seating plate, at the bottom of the boiler, 
when the capacity for water is equal to that for steam, and 
which it ought never to exceed. 
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In this case — 
Capacity of the lower part * . 347*22 cubic feet 
Ditto of the upper part . . 196*35 ditto. 





2)150-87 


Area of water surface (5 x 20 =) 


. 100)75-43 = 


Quotient 
Subtract from depth of lower part 


•7543 
4-1666 


Remainder in feet . 


3-4123 
12 


And inches . 


4-9476 



Hence 3 feet 5 inches nearly is the depth of the water. 

The brickwork of the side flues is gathered in 3 inches 
below the surface, hence the depth of the side surface is about 
3*25 feet, or measuring by the curved surface about S'5 feet, 
and the total area of both sides = 3*5 x 40 = 140 square 
feet. The total area of the two ends of the boiler below the 
tops of the flues is about 28 square feet less by the area of 
surface covered by the brick arch over the furnace mouth 
(about 3 square feet), and by the brickwork at the back, which 
divide the " uptake" from the side flue (about 2 square feet), 
leaving about 23 square feet, which, added to the side surface, 
gives 163 square feet for the total area of vertical surface ; but, 
as we have already seen, only one-half of this can be considered 
as effective heating surface — it is only equal to 81 -J- square 
feet, or little more than 9 square yards. 

The area of the boiler bottom, measured by the curved sur- 
face, amounts to 94 square feet, or about 10J- square yards, 
which is all effective ; hence the total effective heating surface 
of the boiler is about 19£, or, say nearly twenty, square yards. 
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Suction 9. — Disadvantages and Disuse of the Wagon 
Boiler. 

The kind of boiler just described has been in such general 
use for so many years, and in consequence become so weH 
known, that this collection of undisputed data in reference 
to it will be useful to refer to, as a standard to guide us in 
the estimation of the probable effects to be produced by the 
introduction of new forms. Up to the year 1830, when the 
invention of the railway locomotive created such a revolution 
in steam engineering, the wagon boiler was all but universal 
in the cotton manufactories of Lancashire, as well as being 
very general throughout the whole of the manufacturing 
districts of England and Scotland. In the year 1640 I had 
occasion to ascertain that about fths ef all the boilers 
at work in the immediate neighbourhood of Manchester were 
of the wagon shape. The additional increase of new boilers 
introduced into cotton factories during that interval, in order 
to meet the tendency to work at higher pressure, being 
generally either of the flued cylindrical kind already described, 
or of the kind called the Butterly boiler, or fish-mouthed 
boiler, a modification of the Cornish boiler, excellently adapted 
to the inferior coal and necessarily large fire grates of Lan- 
cashire. In the paper-making, bleaching, and printing works, 
the introduction of the plain cylindrical or barrel boiler of 
great length more generally prevailed; while during the 
same period the old-fashioned " kettle boiler," or haystack 
boiler of Smeaton, then so commonly used in the collieries 
throughout Lancashire and Yorkshire, as it is to the present 
day in Staffordshire, was slowly being replaced by the egg- 
ended cylinder boiler, which had been many years previously 
generally used in the collieries of Northumberland and Durham. 
Since the year 1840, however, the old wagon-shaped boiler 
is very fast disappearing from the manufacturing districts, no 
new ones being now made ; and as the average age of a wagon 
boiler when worn oat may, I believe, be stated to be about 

c 2 
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twenty years, it follows that at the present time there cannot 
he so many left in a good enough state of repair to act as cri- 
terions of comparison. Consequently, as the science of boiler 
engineering is in this transition state, it may be worth while 
going more particularly into some details of our subject in tKis 
place, with a view to show the importance of obtaining a good 
proportion between the various dimensions of the boiler and 
the horse power of the engine it is intended to be applied to, 
by pointing out the particular evil effects that have generally 
arisen when some of the above proportions have been materi- 
ally departed from. 

The dimensions just given of a 20-horse wagon boiler have 
been frequently departed from in respect of depth, say from 
6 to 8 feet, without making any great difference in the evapo- 
rating power, so long as the bottom surface and area of fire 
grate remained the same. Its evaporative economy, however, 
was slightly increased by increasing the depth of the side sur- 
face and narrowing the flues. 

This boiler has also sometimes been made with flat sides 
instead of being concave outwards ; but the alteration always 
appeared to me to be detrimental, owing to the hot air in the 
•side flues not acting so effectually in a lateral direction as when 
■it is allowed to impinge upwards, although the surface against 
which it acts may be ever so little inclined towards the fire. 
Besides, the flat sides increased the capacity of the water 
chamber, thus causing a waste of fuel in the first getting up of 
the steam, on account of the greater quantity of water required 
to be heated. The celebrated Mr. Murray, of Leeds, was 
accustomed to make his wagon boilers flat sided, and of less 
<3epth than Boulton and Watt, and gave as a reason that he 
merely considered the side flues as an air casing to the boiler 
to prevent the dissipation of heat by conduction ; thus placing 
very little value on hot air as a steam generating agent. Yet 
Murray, it is well known, was eminently successful in his 
practice as a steam engineer, and one of the most formidable 
rivals of Watt ; but it must be remarket} that, like one of his 
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disciples, Mr. Hick, he took the precaution of giving a so much 
larger proportion of bottom surface. 

Section 10. — On Small Furnaces and Excessive Firing. 

There are many circumstances which occur to alter both the 
power and economy of a boiler in the setting of it up or in the 
construction of the brickwork. For instance, the seating walls 
on which the boiler rests are sometimes made 9 inches thick in- 
stead of 4 or 5 ; thus reducing by so much the area of the 
bottom surface. At the same time, the fire grate is perhaps 
reduced Q inches on each side; thereby, instead of one square 
foot per horse power, making it only about three-quarters of a 
square foot per horse ; and, although this is supposed to be 
the proportion of fire grate allowed by Boulton and Watt, and 
quite sufficient, as it is, for Newcastle coal, it is notoriously 
insufficient for the common description of coal used in the 
factories of Yorkshire and Lancashire when the engines are 
fully loaded ; unless, indeed, thin fire bars and a fire-feeding 
machine, or an extraordinary draft, are used. 

It is certainly true that a boiler so constructed and set up 
with Boulton and Watt's proportions, will make sufficient steam 
to work a good 20-horse engine with moderate economy of 
fuel ; but it is always found that should the engine happen to 
be temporarily out of order, or overloaded for a short time, so 
as to require one-half as much more steam than usual, such a 
boiler then requires what is technically known as " hard firing," 
the evils of which are manifold, — too numerous, in fact, to 
describe in any one place in this book ; one of the principal 
objects of this work being to abate those evils by pointing out 
the means of removing the cause. One of the first results of 
two or three weeks' " hard firing" is that the boiler becomes 
" burnt out" in that part of the bottom which is immediately 
over the back part of the fire grate. Indeed, this result is 
always produced sooner or later when a boiler is too little for 
its work, and is no more than ought to be expected when 
we endeavour to get steam with a small fire urged to act 
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with great intensity, rather than with a large one at a lower 
temperature. 

In order clearly to elucidate the causes concerned in misma- 
naging the setting up of boilers, as well as their mismangement 
afterwards, we may remark that when a boiler bottom is " burnt 
out," as it is called, by hard firing, it is seldom or never, per- 
haps, that a hole is burnt through the boiler bottom at one 
spell ; or, if so> an explosion would be the almost certain con- 
sequence. The meaning of the phrase " burnt out" is that the 
" nature of the iron is burnt out ;" or, in other words, we find 
certain portions of the boiler bottom, against which the flame 
impinges with undue intensity, to be converted from good 
tough malleable iron into a state that is- short, brittle, and 
weak. The thing generally commences and goes on in this 
way :— when, from whatever cause, the engine keeper finds his 
engine short of steam, the fireman's well-understood business 
is, to push the fires a little harder, which can only be done by- 
more frequent firing i this, however, soon has its extreme 
limit in the greatest possible evaporating power of the boiler, 
or that point at which the production, of steam would be just 
as much retarded by any increase in the number of times the 
fire-door is opened and cold air admitted, as it would be pro- 
moted by the more fipequentf supply of fuel. The only resource 
then is, larger charges of fuel at a time, constituting what is 
called heavy firing, and its attendant evil of frequent stoking. 
When a fire is thus urged to its greatest intensity for a few 
days, serious injury soon begins to manifest itself by what is 
called " coming down of the boiler bottom ;" that is, the arched 
bottom gradually assumes a fiat or depressed form about a 
foot in front of the bridge, and extending from side to side 
across the furnace, thus forming a kind of ridge projecting 
downwards to the fire ; which, at the same time drags down 
into a» inclined position the adjoining portions of the boiler 
bottom on each side of it. Now it is in the narrow strip 
of iron, usually not more than an ineh or two in breadth, 
forming the bottom of this ridge or protuberance, where we 
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find the iron permanently injured in the way described. Fre- 
qnently the injury "will not extend beyond a single plate, espe- 
cially if the plate be a little thinner than the adjoining ones. 
In that case a segmental or hemispherical protuberance or 
dish is formed, which, as the men term it, comes rapidly " to 
a head," from the circumstance of its tendency to collect any 
deposit that may be in the boiler. Indeed, the fact of these 
dish-like receptacles being commonly found with dirt or other 
matters in them, appears to have led most engineers quite 
astray as to the first cause of their production, ascribing their 
first formation to the accidental presence of such matters in- 
stead of looking on them as the effects produced, or at most 
secondary causes only. 

The true theory of the matter has always appeared to me 
to be very plainly pointed out by the fact, which may be 
safely assumed, that whenever a plate is thus overheated, the 
generation of steam has been so rapid over that particular 
place as in a great measure to drive the water away from the x 
surface of the plate ; or at least such a degree of repulsion of 
the parties of the water is effected as to prevent that imme- 
diate aittntimate contact which is necessary to keep the iron 
as cool as the water over it. Now the natural sequence to 
this state of things is easily inferred ; not that the iron will 
get red hot, perhaps, which is in fact not required to produce 
the phenomenon in question, but examinations of the iron in 
those cases generally show that a blue heat has been produced, 
a temperature something exceeding what is called the maxi- 
mum evaporating point, and considerably exceeding the tem- 
perature of the iron necessary to effect the repulsion of the 
water we are speaking of, which has been stated by M. 
Boutigny, of Evreux, in France, who has taken great pains to 
investigate the subject, to be as low as at 350° of Fahrenheit ; 
while the water in the boiler may be only 250°, or less. This 
repulsion may continue for a few seconds only, while the 
softened plate is exposed to the pressure of the steam forcing 
it down in the way described : at the same time, from the 
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agitation and boiling of the water, the heated part is con- 
stantly exposed to the washing of the water over it ; thereby 
alternately heating and cooling the part which we eventually 
find " burnt out." 



Section 11. — General Mismanagement of Boilers 
and Trade of Boiler Making. 

It most frequently happens, when a boiler bottom is 
burnt out in the manner above stated, that the proprietor, 
instead of causing an investigation into the circumstances of 
the whole case, including his own orders perhaps to overload 
the engine or to use 'an inferior kind of coal, immediately 
sends for the boiler maker, or rather boiler mender, when, 
after some talk about bad iron, bad or dirty water, and being 
short of water, the injured plates are cut out and replaced 
with new ones. The bricklayer replaces his bricks and 
mortars precisely as before, when, as the same causes continue, 
of course a similar rupture takes place before another month 
is over ; again the same tinkering process is resorted to, and 
after a few rounds of this kind, when the expense "repairs 
has amounted to nearly as much as might have purchased a 
new boiler, to say nothing of the trouble and confusion as 
well as the interruption of work necessarily attending such 
jobs in a regular factory, the wearied proprietor at last 
sends for another boiler maker, the old boiler is then con- 
demned and a new one ordered in its place. All this takes 
place simply for want of removing a few unnecessary bricks 
from the sides of the fire-place, and taking care not to put too 
many coals on the fire at a time. 

Frequently a 30 and sometimes a 40-horse boiler is ordered 
to replace one of 20-horse power. But when the new boiler 
is to be set up, it commonly happens that the same want of 
knowledge is evinced by both boiler maker and bricklayer as 
in the case of the first. Occasionally I have known the very 
same fire grate used to the new boiler that caused all the 
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trouble at the old one. Nay, I have known instances where 
a smaller grate has been recommended by first-rate engineers 
to a larger boiler, on the ground that the increased quantity 
of heating surface would render a less quantity of fuel neces- 
sary, and therefore a smaller grate ; — which appears feasible, 
but is only partly true on the supposition that the grate had 
been previously so large as to make lit difficult to keep it 
covered with any smaller quantity of fuel, which is contrary 
to the case supposed. 

There is one thing which cannot be too strongly impressed 
upon the minds of engineers who are called on to give 
opinions in difficult cases of this kind. It is that the evapo- 
rative power of a boiler ought not to be confounded with its 
evaporative economy ; the former corresponding to the quan- 
tity of steam it is capable of producing without injury from 
over-firing, irrespective of its economy, and is entirely depend- 
ent on the area of the fire grate; which, other things re- 
maining the same, limits the utmost evaporative power of the 
boiler. 

WheA a large boiler is set up in place of a small one, any 
saving produced by the greater extent of heating surface is, in 
factories, often counterbalanced by the extra consumption 
required in getting up the steam every morning, on account of 
the larger quantity^ of water it contains. Generally speaking, 
if there is' a sufficient supply of steam while the boiler is at 
work, all parties are satisfied ; and although the consumption 
of fuel may be larger than it ought to be, it is seldom found 
out immediately, or if so, it is easily laid to the account of the 
newness of the brickwork, and before correct opinions can be 
formed of it, many other changes are liable to occur to take 
the blame from the unnecessarily large boiler ; of instances 
that have occurred within our knowledge we may enumerate 
a few ; namely, the fireman may have been changed — the coal 
has been obtained from a different quarter — some alteration 
has again been made in the engine, or in its load — the oil 
for the machinery driven by the engine is different^-thc 

c 5 
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weather may be colder and require more steam to heat the 
factory, or it may be wetter, and the atmospheric pressure 
low, consequently the draught of the chimney will be worse 
than usual, nay, the weather may be too warm where there 
is a scarcity of condensing water, and consequently the vacuum 
of the engine will be impaired ; and in short, where there are 
so many circumstances liable to daily variation, it rarely 
happens that the exact state of the case is ascertained even by 
those immediately interested. 

It may, and indeed is, very frequently said that it is always 
advisable to have plenty of boiler room at the commencement, 
even if the consumption of fuel should be increased 5 or 10 
per cent. ; which is certainly not much in a small concern, say 
20 to 40-horse power, when set against the convenience of 
having it in your power at any time of adding 8 or 10-horse 
power to your engine, by putting in a larger cylinder. But, 
if we consider the setting out of new establishments upon the 
immense scale of many recently set to work in the cotton 
spinning district, where the expense of fuel frequently amounts 
to two or three thousand pounds per annum, a saving %f only 
5 per cent, is not a trifle to be overlooked ; to say nothing of 
the absurdity of laying out large capitals upon mere guess- 
work principles, or at least in such a manner as to make 
extensive alterations in the boilers and engines a matter oi 
almost certain expectation before the concern is fairly at work. 
So far at least as the size and number of the boilers are con- 
cerned, it is a notorious fact that a great majority of the 
newly-erected cotton works in Lancashire have had to undergo 
such alterations. 

When the capitalist or manufacturer is about to erect new 
works whose moving power is steam, unless he be a man of 
sufficiently comprehensive mind to have a general practical 
knowledge of the various trades of builder and bricklayer, 
engine and boiler maker, millwright and machine maker, as 
well as that of whatever business his factory is designed for, 
let him be his own architect and engineer, and it will be in 
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vain for him to expect anything like a scientific execution of 
his plans, although his general design may he ever so judi- 
ciously arranged. 

The two trades of engine and boiler maker are usually com- 
bined in the same party, but in Lancashire it is far from 
being general, except in those establishments that are very 
extensive; boiler making being now considered nearly as 
a separate trade, which circumstance, perhaps, as much as 
any other, was the cause of the present investigation of the 
subject. 

• There is one custom which has a great tendency to retard 
improvement in this branch of business, and that is the pre- 
valent one of contracting for the making of boilers by weight 
instead of so much per horse power, as is the practice of the 
engine maker. This custom is general, and is a direct in- 
ducement for unprincipled makers to compete with each other 
until there is not enough profit left to repay even so little 
skill as is required to make the most ordinary rough draft on 
paper of the article wanted. 

When a manufacturer wishes to give an orAer for a new 
boiler, he commonly first ascertains the price of iron per cwt., 
and also the rate of wages per cwt. for making, and he has 
then only to find out some master boiler maker who will 
admit of being squeezed down to the minimum of profit, and 
he may then expect the natural consequences of competition ; 
namely, a much larger boiler than is necessary, besides being 
a great deal heavier than it ought to be even for that large 
size. A heavy boiler has also other faults that are more 
serious, arising from the difficulty of riveting by mere manual 
labour very thick plates of iron, so as to be perfectly water- 
tight, without the use of various cements to prevent leakage, 
such as red lead and iron borings. There is also a very repre- 
hensible practice of making use of a wash for the purpose of 
rusting the iron in the imperfectly filled rivet-holes and un- 
closed joints of the plates. By using a solution of sal-am- 
moniac for this purpose, a coating of oxide or rust is given to 
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the inside of a boiler, in a few days, sufficient to prevent 
leakages until the boiler has been a short time at work, when 
a little dirt or incrustation comes to assist the rust in forming 
a more permanent covering. This, when once formed, be- 
comes a regular lining or shield of non-conducting substance 
between the heating surface of the boiler and the water which 
is to be heated. Thus it is that the unsuspecting manufacturer 
comes to be furnished with what he considers at the time to 
be a cheap boiler. 



Section 12. — On Enlarging the Furnace and 
Lengthening the Boiler. 

When a wagon boiler is found to have insufficient power, it 
frequently admits of a very effectual remedy by lengthening 
the fire bars : and when the seating walls are unnecessarily 
thick, by widening the furnace throughout. A great portion 
of the brickwork on each side may be removed by supporting^ 
the boiler on six or eight cast-iron blocks or short columns^ 
and with merely a brick in breadth wall to divide the flame- 
bed and furnace from the side flue. 

When this plan is done carefully, it is always followed by a 

Fig. 4. 
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great increase in the evaporating power of the hoiler, without 
requiring any great addition to the area of the lire grate. 

In effecting this alteration care must he taken that the 
enlargement of the fire grate does not injure the draft, other- 
wise a contrary effect to that expected has sometimes been 
produced, particularly where the chimney is small and no 
surplus draft at command. In such a case it is necessary to 
diminish by a small amount some of the spaces between the 
grate bars, in order that the total area of draft space may not 
be increased in so great a proportion as the area of the grate 
itself. The easiest way of effecting this is to chip or plane off 
one side of the heads of each of about half a dozen bars at the 
sides of the grate, leaving the largest draft spaces towards the 
centre of the fire ; and if there are two lengths of bars, confine 
the operation to the first length, by which means the combus- 
tion will be more rapid where otherwise the coals are apt to 
accumulate. x 

It has been already remarked that the evaporating power of 
a boiler is always found to be, other things remaining the 
same, in proportion to the area of the fire grate ; and to thi9 
may be added, the evaporative economy of a boiler is always 
much increased by any increase of heating surface immediately 
over or very near the fire, the area of the fire grate itself re- 
maining the same, or in some cases even diminished. 

There is another fact connected with this part of the subject 
which must have struck any one who has been at any consi- 
derable pains in making observations, which is, that the heat- 
ing surface very near to, or over, the fire grate is so much more 
effective than those portions of the boiler which are beyond 
the occasional reach of the flame, as scarcely to admit of any 
comparison. Certain it is, that 2 or 3 square feet of addi- 
tional surface over the hottest part of the fire grate makes 
a considerable improvement in the power as well as in the 
economy of a boiler, while as many square yards of surface 
added to the contrary end has scarcely any perceptible effect 
at all, provided that the proportions of the boiler in other re- 
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spects remain the same. It has been found that when boilers 
of 20 feet long have been lengthened by 10 feet, the addition 
has made scarcely any difference in the evaporating power, 
while the fire grate remained the same, and the saving of fuel, 
if any, has only been very trifling. It' ought, however, to be 
stated, that those instances were confined to the generally open 
burning coal of Lancashire, and to the Lancashire practice of 
thin firing and no stoking; and it may be doubted whether 
the same results would be obtained where a more bituminous 
coal, together with a barbarous practice of stoking, are used. 
In one particular instance I recently met with in that county, 
a large boiler, constructed on the Cornish principle, of 30 feet 
in length, was made 15 feet longer with very little or no im- 
provement in either power or economy. Again, I have seen a 
boiler cut down from 104 feet in length to fifty, without any 
sensible diminution in its evaporating power. In this case, 
both before and after the alteration, the temperature of the 
air and smoke escaping into the flue of the chimney was so 
considerable as to cause water to boil in an open vessel very 
readily. 

Those who are not aware of the great extension of steam 
power in Lancashire during the last twenty years, may be sur- 
prised at the existence of steam boilers of such a large size as 
the one just mentioned ; I may therefore state that the in- 
stance above mentioned occurred at the extensive paper works 
of Messrs. Crompton, of Ringley Bridge, near Manchester ; 
and that several boilers of 60 and 70 feet long may be met 
with in the same neighbourhood. There are also a few in- 
stances of very large boilers in factories ; one boiler in parti- 
cular, worked some years in a cotton mill in Manchester, 
which may be mentioned as probably the largest boiler in the 
world : it was a cylinder of 8 feet in diameter and 90 feet long, 
with a flue tube running through its whole length ; and if it 
could have been properly fired, would have been about 200 
horse-power. 
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CHAPTER III. 

On Proportioning Surfaces, Capacities, and Fire Grates, with Rules and 
Calculations. 

Section 13. — Propriety of adopting a Square Yard 
of Surface for each Boiler Horse Power. 

From what has been already stated there cannot be a doubt 
that an effective heating surface of nine square feet in area, 
together with one square foot of surface of fire grate, is in any 
case quite sufficient for each horse power. 

It appears also from the two practical examples given 
(sec. 5-7), that whilst one square foot of fire grate per horse 
power was barely sufficient under difficult circumstances, and 
with the inferior coal of Lancashire, it was more than suffi- 
cient under similar circumstances in London by just so much 
as the Newcastle coal used in the latter case was superior ta 
the former. Yet in both cases the proportion of one square 
yard of heating surface per horse power appears equally 
eligible ; giving as it does a proportionately greater extent of 
heating surface per unit of fire grate, as the heat-producing 
power of the coal used in one case exceeds that in the other. 

Where it is expedient to fix on a convenient round number 
for a nominal measure of effects expected to be produced by 
similar causes acting over certain areas of surface, as the fire 
and flame do against the 1 bottom and sides of a boiler, it is not 
easy to conceive more reasons all pointing one way than in 
this case point to a square yard as the natural unit or measure 
of a steam-boiler horse power. 

Although this unit measure accidentally occurred to us at 
the commencement of our steam-boiler experiments in the 
way previously described, we happen to know that it has been 
generally approved by others ; and as no one else has proposed 
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any other, that we have heard of, we have the less hesitation 
in finally adopting it in this work. 

The convenience to practical men of adopting round num- 
bers as unit measures, when they come pretty near the actual 
values, in all results that only admit of being estimated, is so 
great, that some, perhaps, may be induced to suspect that we 
have strained the facts a little on purpose to make them fit 
the rule. If so, it is only necessary to mention that the rule 
has been published for more than a dozen years past, whilst 
the remarkable coincidence of the two examples referred to in 
corroboration of its being at least near the truth, is only of 
very recent occurrence ; one of the boilers having been made 
within the last few months. Besides, it may be sufficient to 
state that general rules and proportions, closely approaching 
the above, have been notoriously in use a great number of 
years, and the facts corresponding with them are easily 
proved. 

Although any simple methodical system of stating the com- 
bined results of calculation and observation is highly to be 
valued, as being conducive to the ready apprehension and 
easy application of most useful knowledge, we ought not to 
be such sticklers for mere methodism as to risk the smallest 
deviation from truth, when the latter admits of correct ascer- 
tainment. In physical problems, however, especially of the 
nature of those now treated on, there is an absurd refinement 
of figures and fractions too frequently to be found in the re- 
ports of some of our railway and other engineers. This is 
especially the case in recording series of observations, for the 
purpose of obtaining averages, or striking a mean in the ordi- 
nary way, which may be easily tested by any one, when the 
useless exactness of minute fractions, while there are errors 
in the integers, becomes immediately evident. This ultra 
exactness increased greatly with the railway mania, and can 
be useful in nothing, saving perhaps " cooking accounts," for 
it practically produces more error than the actual errors of 
observation themselves are generally capable of doing. 
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For the above as well as other reasons which could be ad- 
duced, engineers generally are respectfully urged to sanction 
either this or some other measure, equally feasible and con- 
venient, as the unit of steam boilerlborse power. Like the 
steam engine horse power, it is not at all necessary that it 
should be an absolute exact average of the power of a living 
horse, but as near an approach thereto as to enable any one 
not conversant with the details of the subject to have a ready 
apprehension of its meaning as an estimate of power, and at 
the same time a tolerably correct idea of the force capable of 
being produced by the boiler indicated by it. For this pur- 
pose it is also expedient that, whatever difference there is 
between the calculated boiler horse power, and^the real horse 
power, the error, should be in excess on the side of the boiler, 
as is the case with Watt's steam-engine horse power, which is> 
as every one knows, much more than the strongest horse can 
do for any considerable length of time. * 

This standard of Watt's for the steam-engine horse power 
has been vainly endeavoured to be altered ; but the compara- 
tive incongruity of all other measures that have been proposed 
have been at once seen and repudiated. 

Section 14. — Proportioning the Fire Grate to the 
Heating Surface and the Quality of the Coal. 

As has already been observed (sec. 12), when a boiler does 
not produce a sufficiency of steam, we have in many cases 
only to cut away the side walls of the furnace, and thus, by 
increasing the width of the fire grate, considerably augment 
the power of the boiler. This simple and inexpensive plan 
of*«nlarging the furnace and fire grate has been carried 
out in very many instances to the extent of increasing the 
evaporating power of a boiler to nearly double that which 
the quantity of heating surface would otherwise warrant, and 
without any very material increase in the ratio of the fuel con- 
sumed to the water evaporated. 
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There are also abundant opportunities of proving that, 
wkh the ordinary engine coal of Lancashire, it is difficult to 
keep steam with less than a square foot, and with Newcastle 
coal three-quarters of & square foot, of fire grate per horse 
power, whatever amount of heating surface there may be; 
which, taken at one square yard per horse power, gives us in 
the former case the proportion of nine, and in the latter that 
of twelve square feet of effective heating surface to each foot of 
fire grate. 

It is not meant to be denied that a greater proportion of 
heating surface to fire grate than either 9 or 12 to l r which 
we have assumed, would be more economical in theory, but it 
would be so in theory only, and not in practice, Indeed, if 
we follow theory only, it may be doubted whether a ratio o* 
100 to 1 may not be nearer the correct proportion, for it 
is evident that the hot air or smoke ought not to pass into 
the chimney until it is deprived of its power of generating 
any more steam ; or, in the language of the chemist, " until 
it has imparted the whole of its superabundant caloric to the 
water," always excepting so much as is required to cause a 
good draft in the chimney. 

In accordance with correct scientific theory, the hot air 
ought to be kept in contact with the boilers until reduced 
to 212°,* or to such a temperature as corresponds with steam 
of the required pressure, which for a low-pressure engine 
would seldom be much above 220°. This may appear to 
some to be a good point of theoretical perfection to be aimed 
at, but it is a very fallacious one ; and the greatest pos- 
sible absurdities have been frequently committed by attempt- 
ing it in practice. There is nothing to be obtained by 
any extension of the heating surface beyond certain limits, 
which fall very far indeed short of the point mentioned. In 
fact, I have met with very few instances of successful practice 
where the temperature of the gases leaving the boiler has 
been less than 400° too 500°, whilst I have found many cases 
of very great economy, both with the Lancashire and the New* 
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castle coal, where the temperature of the smoke (and black 
smoke too) passing into the chimney has been equal to melt- 
ing lead, or above 600°. 

Now, when I say that nothing is to be gained by an ex- 
tension of the boiler surface beyond the limits indicated, I 
mean that the saving would be less than the simple interest 
of 5 per cent, per annum upon the cost of the extra boiler- 
plate, and other contingent expenses required for such addi- 
tional extension of heating surface. The small saving of fuel 
is admitted, but in practice it costs more than it is worth ; 
and herein engineers may see an example of many cases in 
which theory not founded upon experiment and observation 
is at variance jWith practice; the scientific theorist will not 
admit the truth of anything which there is not a good reason 
for, while the practical man, quite as dogmatically, hut with 
better reasons for being so, refuses to adopt any plan which 
has not been found to answer, whether there is a reason for 
it or not. 

It is evident that there will be a different ratio of heating 
surface to fire grate, suitable to the different qualities of fuel, 
but we are now speaking of the average quality of engine 
coal used in the manufacturing districts. With that, and the 
fire managed in the ordinary way, the result of my experi- 
ence is> that 9 square feet of effective heating surface for each 
square foot of fire grate is sufficient to enable us to make 
such an arrangement of the forms of all the simpler kinds of 
boilers as in all cases to reach the full limits of real practical 
economy. 

The best engine coal about Manchester is generally just as 
it comes from the pit, containing all the small and inferior 
coal, dirt, &c, which is usually left in the mine when house- 
fire coal only is wanted. The worst coal is commonly called 
"Burgey," and is of various qualities ; it generally consists of 
the tops and bottoms of the seams, together with other refuse 
coal that is left after the house-fire coal is mined. It does 
not require a larger fire grate than the best, but it is found 
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to require a much better draft. It is not so good as " slack," 
which is riddled from house-fire coal, especially when the latter 
is put on by the firing machine. 

The best Newcastle coal supplied to the London market for 
engine purposes appears to me to be the different Hartley's ; 
which I find requires about three-quarters of a square foot of 
grate for each horse power at the same time ; a square yard of 
effective heating surface per horse (or in the proportion of 12 
to 1) seems also capable of absorbing the heat produced suffi- 
ciently to reduce the temperature of the gases, leaving the 
boiler to the same degree that was found most economical in 
Lancashire, namely, below the melting point of lead. It is 
lighter and burns well with less draft than the Jest Lancashire 
coal. 

For Welsh coal and some others the fire grate will bear a 
smaller ratio to the heating surface ; and for coke the least 
of all. 

Whatever may be the amount of heating surface in a steam 
boiler, the quantity of steam to be obtained from it will of 
course depend entirely on the area of the fire grate being pro- 
portioned to the quantity and quality of the coal which has to 
be consumed upon it. Consequently, if we find a boiler mani- 
festly too small for producing the quantity of steam that may 
be required, the object is at once accomplished by enlarging 
the fire grate io the way already pointed out, when any quan- 
tity of steam may be obtained that the draft of the chimney 
will admit of, although with a fess degree of economy in fuel ; 
therefore such alterations are only to be recommended in urgent 
and exceptional cases. 

In practising this method of increasing the evaporating 
power of boilers, I always found that the maximum effect was 
produced when the area of the fire grate was increased in a 
somewhat greater ratio than the effective heating surface was 
diminished ; that is, if a certain effect is to be produced, say, 
for example, an evaporating power equal to the supply of a 
20-horse engine, which we have seen requires 20 square yards 
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of surface, but if from mal-construction of the boiler or other 
circumstances we have only 18 yards, then the furnace for 
burning Lancashire coal will require to have a fire grate of 
rather more than 22 square feet in area ; or should the heat- 
ing surface be only 1 6 yards, then the fire grate will be required 
to be more than 24, in fact about 25 square feet. 

It is not that any such great nicety is always required as is 
set forth in the above proportions. For in effecting alterations 
.for increasing the power of the boiler that is short of steam, 
the best way is to get all the increase we can, and if too 
much, trusting to the damper as the most profitable means 
of diminishing it. But after an alteration is effected, it is 
sometimes of use to know i^what rate we ought to work the 
boiler at, in order to produce the greatest economy it is 
capable of under the circumstances. This is more especially 
of use when a number of boilers of different powers are work- 
ing in conjunction, in order to avoid working too hard, and 
thereby, as it commonly happens to the most willing horse 
in a team, over-firing and injuring perhaps the best boiler of 
the set. 

For this purpose I have been in the habit of using the fol- 
lowing empirical rule, which is derived from the observation 
already made, that in the case of a 16-horse boiler having a 
25-horse fire grate, it is always safer as well as more economi- 
cal to work it rather below than above the arithmetical mean 
between those two numbers (20£) ; therefore the geometrical 
mean (20) was adopted. An additional reason for adopting 
the geometrical rather than the arithmetical mean, may also 
find favour with some who, like myself, may have no abstract 
love of squares and square roots, — it is the fact, that the ope- 
ration on the slide rule for finding any of the three numbers in 
question is in the former case the simplest of the two ; as we 
may now proceed to show. 
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Section 15. — Rules for finding the Horse Power, 
the Area of Fire Grate, and the Area of Effec- 
tive Heating Surface, useful in altering or 
resetting old boilers. 

Let s = the effective heating surface in square yards. 

f = the area of the lire grate in square feet. 

p = the horse power of the hoiler. 
Then, using the inverted slide-rule or common rule with the 
slide reversed, it must be set as follows : — 

A 1 Horse Power = p [ Fire grate in sq. feet = f 

o | Horse Power = p | Heating surface in sq. yards = s 

Suppose, for example, that we have 16 square yards of 
effective heating surface in a boiler, with a fire grate of 25 
square feet, and we wish to know the most suitable rate to 
work the boiler at. Then place s = 1 6 ono, against f = 25 
on a, and looking to the left hand, the first two divisions of 
the same value that coincide with each other (which are those 
of 20) represent the horse power, as in the example below. 

A | p = 20 | f = 26 sq. feet. 
o | p = 20 | s = 16 sq. yards. 

Again, suppose that a boiler is intended to drive a 30-horse 
engine, but it has only 25 square yards of surface, and the 
area of the fire grate is required. Then place 30 = the horse 
power on o, against the same number on a, and looking to the 
right hand, you will find, against 25 yards of surface on D, the 
answer to be nearly 36 square feet upon a for the area of the 
fire grate ; and in like manner against any number expressing 
the square yards of effective heating surface on d, you will find 
the number of square feet of fire grate most suitable for the 
given power upon a. In short, the inverted line c represents 
a table of 30-horse boilers with various quantities of surface, 
and the line a represents a table of areas of fire grates corres- 
ponding to those surfaces. 
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a | 30 J Firegrates 31 34 36 39 
o ( 30 | Surfaces 29 26} 25 23 

The rule, when thus set, exhibits at a glance the various 
ways in which a 30-horse boiler may be set up. 

It will be seen that any one of these three principal data 
respecting boilers may thus be found when the other two are 
given, by any workman in the possession of a slide rule ; and 
it is for his use only that these examples are given. 

As rules and examples of the arithmetical operations for the 
foregoing questions may be useful to a large class of workmen 
who may wish to exercise themselves at figures, they are also 
added, 

Rule 1 . To find the maximum horse power at which to 
work a steam-engine boiler that is not well proportioned. — 
Multiply the area of the fire grate in square feet by the area 
of the effective heating surface in square yards, and the square 
root of the product is the horse power Tequired; provided 
always there is not less than 1 square foot of grate for each 
yard of surface. 

Example 1. Suppose a boiler to have 16 square yards of 
effective heating surface, and a fire grate of 5 feet square, or 
25 feet in area : required the maximum horse power at which 
to work the boiler with Lancashire coal, in order to have as 
little waste as possible. 

Area of fire grate . . . 25 sq. feet. 
Ditto of surface . - . 16 sq. yards. 

150 
25 

Answer. 

Product • . 400(20-horse power. 
400 



000 
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Now if, instead of Lancashire coal, as in the above example, 
we suppose the same boiler to be worked with either the best 
Welch or with American coal, which we may suppose, for 
comparison sake, to be of double the strength of the Lancashire 
coal ; or, in other words, that instead of requiring a square foot 
of grate per horse power we £nd half a square foot sufficient, 
-—then the same question may be stated in this way : 

Example 2. A boiler having 16 yards of surface, has a 
50-horse fire grate, required the power it may be worked at 
without waste. 

Area of heating surface . . 16 square yards, as before. 
Horse power of fire grate • 50 

Answer. 

800(28-28 sq. root, or horse 

* 4 power required. 

48)400 
384 



562)1600 
1124 



5648)47600 
45184 



In the same manner, similar operations may be performed 
for other fuels, using the number of horses' power that the 
fire grate would be equal to according to the value of the fuel 
used, instead of the area of the grate itself. 

Rule 2. To find the proper area of fire grate most suitable 
for working a steam boiler, with a deficient heating surface, in 
order to drive an engine of any given number of horses' 
power. — Divide the square of the given horse power by the 
square yards of effective heating surface, and the quotient is 
the area of the fire grate in square feet for Lancashire coal. 

"When any other coal is used of a different quality, then 
divide the last quotient again by a number corresponding with 
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the quality or value of the coal used, when the Lancashire coal 
is called 1, which will give the proper area of the grate in 
square feet. 

Example 3. Suppose a steam boiler has 16 square yards of 
effective heating surface, what must be the area of the fire 
grate to enable it to drive a 20-horse engine with the greatest 
economy in Newcastle coal ? 

Horse power . 20 
20 



f 4)400 sq. of the horse power. 



Surface. 

[4)100 

Square feet 25 area of fire grate for Lan- 
cashire coal. 

Again, if we consider Newcastle coal to be one-third better 
than the average of Lancashire taken as unity, its value will 
be expressed by 1^ or 1*33 ; therefore, 

l-33)25-00(187 area of fire grate for New- 
13 3 castle coal. 

1170 
10 64 



1060 
931 



Section 16. — On the Capacity of the Steam Chamber. 

Before going further into the general principles that govern 
the form and construction of the steam-engine boiler, we have 
an element to take into consideration of not much less im- 
portance than the heating surface already disposed of, and 
that is, its capacity for steam and water, but more particularly 
for steam. 

The proper capacity of the steam chamber or steam chest, 
has been much less considered by engineers than the area of 

D 
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heating surface. Indeed both theoretical and practical men 
hare generally agreed in this matter, as tljey occasionally do 
when they are both wrong, to think it of little consequence. 
We shall, however, soon see what blind guides a little reason- 
ing upon a limited observation of facts is capable of making. 

If, instead of the ordinary steam chamber of a boiler, we 
have a detached steam chest or close box or vessel, containing 
a permanently elastic gas, or even steam itself separated from 
water, allowing its temperature to remain the same, and sup- 
posing a communication to be made, by means of a cock or- 
valve, with a second vessel of the same capacity as the first, 
and quite empty, then, as soon as the second vessel becomes 
filled with the expanded steam, it is evident that by occupying 
double the space the elastic force of the steam will be reduced 
exactly one-half ; the resulting pressure being always inversely 
as the expansion. Now, if we further suppose the first vessel 
to be constantly receiving a uniform supply of the steam, we 
can obtain a rule for making the two vessels in just such pro- 
portion to each other as will keep any variation in the elastic 
force of the steam, in the first vessel, during any given short 
periods of time required for shutting and opening the valve of 
communication, within any given limits. 

There is no need, however, to follow Tredgold's example by 
giving the calculation, because the two vessels are very far 
from being a parallel case to that of a steam-engine boiler and 
cylinder. This is owing to the fkct, which appears to have 
been quite unknown and unnoticed, both by Tredgold and all 
other writers, that titer e is nothing like a uniformity of supply 
in the boiler ; on the contrary, the supply of steam ft am ithe 
water in the boiler is more violently intermittent, if the ex- 
pression may be allowed, than any mere opening ^and shutting 
of valves can account for. 

Although the effect of the action of the fire against the 
boiler may be supposed to be uniform, yet by far the greatest 
portion of the steam is very rapidly generated during the first 
half of each stroke of the piston, and at which time only 
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^tmllition, properly so called, takes place, but which usually 
ceases immediately after the piston passes the point of its 
greatest velocity, — and the great difference in the quantities 
of steam supplied by water in a boiling state and when not 
boiling, although at the same temperature, it is unnecessary <to 
insist on. 

The steam in a boiler continues of course to accumulate, 
although slowly, during the time that the induction valve is 
quite closed ; but as soon as the momentum of the fly-wheel 
carries the crank over the centre and opens the valve, the 
surface of the water in the boiler is, with the commencement 
of each stroke, simultaneously relieved from a portion^ of the 
pressure of the steam, «nd the water immediately commences 
boiling, let its temperature be what it may. 

A very demonstrative way of illustrating this intermittent 
action of the water of a steam-engine boiler, is to adapt a teat 
tube with a small portion of the bottom cut off, to the neck. of 
a Florence flask containing boiling water, and placed over an 
argand lamp or gas-light ; then by using a cork by way of 
piston, and the test tube as a cylinder, the phenomenon we are 
speaking of, may be produced in miniature exactly as it occurs 
with the steam engine itself; and with this great advantage 
that it can be seen, and therefore easier understood. 

It will be perceived by those who may repeat this experi- 
ment, that the manner in which steam is produced in the 
boiler of a steam engine at work, is partly by a distillatory 
process during the times that the valves are closed, or in the 
act of closing, or, properly speaking, by evaporation, which is 
dependent upon the extent or superficial area of the evaporat- 
ing surface or surface of water, as well as upon that of the 
heating surface ; but of course the steam is principally pro- 
duced during the short period of violent ebullition, its produc- 
tion in the latter case being termed by chemists vaporisation, 
which seems to mark a proper distinction ; we shall, however, 
generally use the more common term evaporation, to express 
the compound process we haye been describing. 

d 2 
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Returning to the assumed case of the two vessels, and sup- 
posing that the first (which may represent the steam chamber 
of a boiler) is constantly receiving a uniform supply of steam, 
equivalent to Tredgold' s idea of a constantly-uniform evapora- 
tion of the water, then it would evidently follow that the pres- 
sure of the steam must always retain the greatest degree of 
uniformity when the flow of the latter through the channel of 
communication with the second vessel (which vessel may re- 
present the cylinder) is interrupted for the shortest possible 
period of time ; and consequently under similar circumstances 
a smaller capacity of steam chamber would be sufficient to 
render any variation of pressure inconsiderable, than if those 
interruptions were to occupy a greater portion of time. A 
precisely similar conclusion, founded upon the mistaken as- 
sumption of an equability in the generation of steam, is the 
groundwork of the erroneous theory of Tredgold, as may be 
seen by reference to his work (art. 210, &c, original ed.). 

The above error once adopted led naturally enough to the 
conclusion arrived at by Tredgold, after a mathematical in- 
vestigation of the point, that an engine working expansively 
requires a larger steam chamber than when acting at full 
pressure; namely, that in a double-acting engine, with the 
steam cut off at half stroke, the capacity of the steam chamber 
should not be less than eight times the volume of the steam 
used for each stroke, whilst for the same engine, working at 
full pressure, he states that about three times the quantity 
used for each stroke may be sufficient. 

The impossibility of such a conclusion being the true one, 
would have struck any one practically acquainted with the 
subject, from its absurdity, which is only equalled by a similar 
statement, quoted by Tredgold from Prony's "Architecture 
Hydraulique," to the effect that it is one of the advantages of 
a double-acting engine that it requires a smaller boiler than a 
single-acting one ; which observation must have arisen from 
the same false premises and the same mode of reasoning. 

If, as according to the above doctrine would be the case, all 
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those engines whose valves are closed for the shortest portion 
of time between the strokes required the least capacity of 
steam chamber, then the old-fashioned hand-gear or tappet- 
valve engine, in which the action of shutting and opening the 
valves is effected the most suddenly, would be able to do with 
less steam room than the modern slide-valve engine, which is 
worked by an eccentric ; but it is proverbially well known that 
the reverse of this is the case. 

"With respect to the proportion that Tredgold finally recom- 
mended in practice, it is fortunate perhaps that he met with a 
remark of Dr. Thomas Young's, to the effect that the steam 
chamber should contain ten times the volume of steam con- 
sumed at each stroke ; for, after quoting Millington's opinion, 
that Jive or six times, and giving his own that three times, 
that quantity is sufficient (which is equivalent in a low-pressure 
engine to about .3 cubic feet of steam room per horse power), 
he appears to have thought it " one* of those cases which seems 
to be incapable of being investigated, otherwise than by ex- 
perience," and ends by recommending, that " to limit a low- 
pressure steam boiler of a double-acting engine to a change of 
elastic force not exceeding -fcify, we must have ten feet of space 
for steam, and ten for water, for each horse power." 

Although there are many boilers working with this propor- 
tion of steam room, and even with a smaller proportion, all of 
them that are capable of doing their work with moderate 
economy, are either liable to prime, or belong to engines in 
which the steam is very much throttled, or wire drawn, the 
pressure being invariably a great deal higher in the boiler than 
in the cylinder, and in some cases nearly double. From this 
cause, mainly, we have the tampering with the safety valves, 
and consequent accidents continually occurring where high- 
pressure engines are in use. In low-pressure engines this 
method of meeting the difficulty of t*o small a steam chamber, 
by raising the pressure of the steam, is not practicable to 
anything like the same extent, on account of the usual method 
of feeding the boiler with water by means of the ordinary 



54 RUDIMENTARY TREATISE 

stand pipe, at which the water boils over when the steam is 
too high. 

Repeated observation for years has, conviaced me, that far 
working an ordinary condensing engine in. a factory, where,, 
until recently, the steam in the boilers was seldom more than 
2 lbs. per square inch, greater pressure than the average pres- 
sure on the piston throughout the stroke, no less than 12, 
or 14 cubic feet of steam room per horse power is re- 
quired, to enable the boiler to do its work properly. On 
that account I do not hesitate to recommend the steam 
chamber to contain at least half a cubic yard for each, 
nominal horse power. 

Section 17. — Causes and Effects of Priming. 

The proportion of half a cubic yard of steam room, under 
ordinary circumstances, as a minimum for each nominal horse 
power, is recommended as the result of no very limited expe- 
rience, being from actual personal examination and measure- 
ment of several hundred boilers* together with the recorded 
indicated power and economy of the engines to which they 
were attached, principally with a view to the determination 
of this particular datum. 

Instances are occasionally met with where double the above 
proportion of steam room is not sufficient to prevent the 
boiler priming ; but there are in such cases always some 
special circumstances to account for it. For instance, where 
there has been any neglect in cleaning the boiler ; but it 
fortunately happens that when a boiler primes from this cause^ 
it not only gives both visible and audible signs of its taking 
place, but also leaves in some measure permanent traces of its. 
having done so, sometimes in the cylinder, but almost always 
in the boiler, so that the accuracy of statements on this head 
admit of being satisfactorily tested. 

The presence of some kinds of dirt in the water, parti- 
cularly if it be of a mucilaginous nature, is liable to cause. 
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the engine to prime, whatever may be the amount of steam 
room. A small quantity of soap has a wonderful effect in 
this way ; and, generally speaking, with a dirty boiler and a 
full load on the engine there is a continual " flushing " of 
the water in the boiler, or an. attempt to "^prime" at every 
stroke of the engine. In such case& we always find that 
the dirt has partially left the boiler and passed into the 
cylinder, thereby seriously injuring the packings of the 
piston and valves, creating a great deal of extra friction* lower* 
ing the speed of the engine, and causing great consumption of 
tallow and fuel. 

It is a remarkable fact,' that when the inside of a boiler 
is examined immediately after it has primed much from 
this cause, marks are' usually found running in a slanting 
direction up the sides of the steam chamber towards the 
steam pipe in nearly a direct line, leading from that part 
of the surface of the water which is over the hottest, part 
of the furnace, just as if a partial explosion (if we may so 
call it) of the water had taken place in that part of the 
boiler, and spent its main force in. the direction stated. When 
there is any considerable quantity of mud or clay in the 
boiler, the marks indicating the direction of this explosion 
or " flushing "" are particularly legible, in streaks or ridges of 
mud reaching far above the water service; and the effects 
of the violent agitation of the water in such cases, I have 
frequently observed in the forcible removal of heavy articles, 
which had been placed in the boilers for the purpose of ex- 
periment. 

This peculiar tendency of the water in a steam-engine boiler 
to rise into the cylinder of which we are treating is well known 
to all experienced operative engineers, under the name of 
" priming," " flushing," " pumping/' and other similar terras, 
and is known to many as being the principal, if not the only 
thing which makes a large steam chamber necessary ; for under 
certain circumstances connected with deficient capacity of steam 
chamber, the engine is found to prime, however clean the water 
may be in the boiler. 
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In analysing the various causes concerned in the produc- 
tion of this effect, it is necessary to take into consideration, 
the effects produced by the necessarily intermittent action of 
the valves, referred to in the last section. The supply of 
steam to the cylinder being momentarily cut off at the end 
of each stroke, as well as for a considerable period during 
each stroke, in those engines that work expansively, the ef- 
fect is to throw the water of the boiler into a slight undu- 
latory motion, as may frequently be observed of that in the 
glass-tube water gauge. This undulatory action of water in 
the boiler, although caused by and dependent on, appears to 
be in addition to, the intermittent state of alternate ebullition 
and repose before described. At any rate, from one of these 
conditions or from both combined, it is certain that the mo- 
tion of the water occasionally becomes so violent as to carry 
it in a state of spray or foam into the cylinder along with 
the steam, and when in too great a quantity to escape through 
the steam port in the return stroke, it infallibly breaks down 
the engine. 

This effect must inevitably follow the priming of a suffi- 
cient quantity of water in the cylinder of a beam* engine in a 
factory, because it is not and cannot be expected to be cal- 
culated to withstand a sudden blow, and such it is in reality. 
For if the water primes into the cylinder in the down stroke, 
it must remain on the top of the piston until it strikes against 
the cylinder cover in the up stroke, with more or less violence 
according to the quantity. From the incompressibility of 
water, the effect is the same as if a piece of iron of equal 
thickness to the depth of water on the piston was suddenly 
inserted in its place. The tremendous effect sometimes pro- 
duced when a. large engine breaks down from this cause, may 
easily be conceived ; for as the vacant space left for clearance 
at the top of the cylinder is generally about the same depth 
in large as in small engines, the intruding body of water 
strikes the cylinder cover with a proportionally greater force. 
Generally the accident does not end with merely straining or 
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breaking the crank pin, which may be the extent of the in- 
jury in small engines ; but the momentum of the beam is 
added to that of the fly-wheel, and their combined force is 
exerted directly in splitting the cylinder* or tearing off the 
cylinder cover, thence effectually demolishing all the rods and 
gearing. 

Where a steam engine, or rather the boiler, is overworked, 
and the load on the engine not very regular, experiments 
tending to the foregoing effect may be said to be going on 
almost daily ; and in many cases even without the owner being 
aware of anything of the kind, until his engine has been 
broken down a few times, and after the expenditure of a few 
hundred pounds, when, as it is expressively said in Lancashire, 
" he finds it out." 

This tendency of the water to rise into the cylinder is 
always considerably promoted by the very usual situation of 
the steam induction-pipe at the back end of the boiler, which 
seems to arise partly from the constant circulation of the 
water, which causes a current at the surface to set in the 
direction of the length of the boiler from the front end to the 
back. This circulation of water takes place in all oblong 
boilers, with a certain velocity depending on the ratio that 
the intensity of the heat in the furnace bears to the quantity 
of water to be kept heated, and is entirely independent of the 
other two causes before stated. But it is most probable that 
all three are sometimes combined in producing waves, which 
take their rise over the fire, and gradually increase in height 
as they pass towards the back part of the boiler. 

That waves are always generated within a long boiler, 
when the engine is about to prime, is a singular but well- 
ascertained fact, as is shown by the frequent great and sud- 
den depressions of the float at such times, especially if the 
latter happens to be placed at the contrary end of the boiler 
to that where the steam pipe is fixed. In watching the 
rapidly- successive alternate elevations and depressions of the 
indicator, buoy, or float of a boiler in this condition, the 

d5 
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priming may frequently be observed to recur periodicalrjr 
after intervals of a certain number of strokes, provided that 
the state of the fire and the load on the engine continue per- 
fectly uniform. 

Those who have leisure and inclination to pursue this part 
of the subject, will find it an interesting field of inquiry, ancl 
far from being one of barren curiosity only, inasmuch a* a few 
well-directed experiments, may lead to results, perhaps, calcu- 
lated to unravel some of the still unexplained causes connected 
with violent steam-boiler explosions. 

Section 18. — On Boiler Boom Generally. 

From what has appeared, it would be fair to assume that 
the space for steam in a boiler ought not to be less than about 
half a cubic yard per horse power ; and when I have succeeded 
in establishing this position in the minds of my readers, by 
showing bow universally this proportion is identified with the 
most successful practice, there will be no difficulty whatever 
in obtaining their assent to another proposition, namely, that 
the space required for water certainly ought not to be more 
than half a cubic yard per horse power. Therefore, generally, 
the total capacity of steam boilers may be stated at a cubic 
yard per horse power, not more than half of that space being 
water room, nor less than half of it for steam. 

In enunciating this proposition I disclaim any right to 
being it first promulgator, for it used to be a current saying 
amongst the engineers in the north of England more than 
thirty years ago, that a good steam engine ought to have an 
area of piston equal to 27 circular inches for each horse power, 
while the boiler ought to have a capacity of 27 cubic feet for 
the same. This is one of those maxims which soon become 
established in any profession where there is a good deal of 
practice, and it is about as old as the time of the first intro- 
duction of Boulton and Watt's patent engines to the collieries, 
in the counties of Durham and Northumberland* 
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In so wide a field for experience in the application of steam 
power to an uniform kind of work, the above maxim may be 
supposed to have some h priori claims to be considered some- 
where near the truth, I have, however, endeavoured to pre- 
vent such considerations from influencing my opinions without 
further proof ; besides, my experiments and observations have 
been for more than twenty years principally confined to the 
manufacturing districts of which Manchester is the centre, 
and more especially to the engines and boilers of the cotton 
factories, where also, from a. uniformity of work, we have a 
similar field for experience to that presented by the collieries 
in the north of England, but with considerably greater facili- 
ties for investigation and comparison. The concentration of 
the cotton-spinning business in large towns, where the con- 
stant interchange of opinion amongst the managers and en- 
gineers of the various factories tends to produce a certain 
degree of uniformity of management, whilst the rivalry of 
competition will not allow any one to lag very far behind the 
best of his neighbours, has gwen decided advantages in this 
respect to Lancashire. , 

In stating the quantity of boiler room necessary for each 
horse power, there is no need to insist that it does not admit 
of considerable latitude, in which the difference in effect is 
scarcely perceivable ; but the correct proportion is much 
easier ascertained than persons unused to such researches 
might expect. 

It may surprise some engineers, who have been accustomed 
to calculate to the fraction of a horse power, to be told that 
the power of the steam engine itself can, in general, only be 
approximated to in a very rough way, compared to which the 
properly-caleulated power of the boiler, with certain given 
qualities of fuel, is exactness itself. This arises from the 
friction of an engine, which, although capable of being ascer- 
tained within moderate limits for any assigned moment, is of 
that fluctuating character, and withal so large a portion — 'from 
one-eighth to one-third of the whole load — that there is nothing 
about the data of a boiler to be compared to it. 
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It is also much easier to acquire a knowledge of a number 
of experimental truths on this subject, by a very little ob- 
servation and attention, than is usually supposed, and without 
directly instituting experiments, or wasting time by what is 
very often misunderstood to be experimenting 9 that is, "playing 1 
with models." 

As a description of the best mode of experimenting on 
a large and practical scale, we may suppose, what is a very 
common case, that any given steam engine has two boilers, 
with which it is worked alternately, each having the same 
evaporating power, and in all other respects similar except aS 
to capacity, one of them having 20 and the other 25 cubic feet 
per horse power (reckoned on the actual evaporation of the 
boiler in cubic feet), of course a direct reference to the coal 
account will give the comparative economy of the two boilers, 
which we will suppose to be determined in favour of the larger 
one. Again, suppose we find, in another similar case, taken 
at random, that the proportional capacities are 23 and 27 
cubic feet per horse power, and that it is again determined 
that the larger boiler works the engine with the least quantity 
of coal, we are then assured that the true proportion is above 
twenty-five cubic feet per horse. Now if we take two other 
sets of experiments on boilers, whose capacities we suppose to 
be considerably above the true proportion, say 30 or 40, or 
any other number of cubic feet per horse, and compare them 
in a similar way, we soon arrive at the fact that the best pro- 
portion lays between 25 and 29 cubic feet ; and by proceeding 
in this manner as opportunities for observation occur, we may 
approximate to the true proportion as near as ever we like, in 
fact to about twenty seven cubic feet ; for the illustration given 
above accurately describes the mode I actually adopted for 
arriving at this result. 

Although the above comparatively large proportion of boiler 
room is given as the average of the best practice in Lancashire, 
it must be stated that it is not at all a prevailing opinion 
there that so large a proportion is needed. The more popular 
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rule in Lancashire is, "for each square inch in the area of the 
piston to allow a cubic foot in the boiler." Now if the cylin- 
ders are of the ordinary proportions, it will be seen that this 
is little more than Jths of what we have concluded on as the 
best, which is more nearly at the rate of a cubic foot to a 
circular inch ; and in the north-country rule before mentioned 
it is exactly so. 

Those who have acted upon this popular rule, however, have 
been principally the makers of small engines, that are used 
for a variety of purposes where ecenomy of space is of more 
importance than economy of fuel, and where, for the same 
reason, the engines are made with very short strokes. It has 
been observed, also, that this popular rule has given a pro- 
portion that has worked well where engines are working in 
pairs and not much overloaded, similar to marine engines ; 
and from the fact that both Boulton, Watt, and Co., and 
some other of our best engine makers, have, during the last 
ten or fifteen years, erected several of those " land marine '* 
engines in the cotton factories, the rule deserves some con- 
sideration. 

It is, however, necessary to bear in mind that the object of 
a treatise like the present, professing to lay down a sound 
foundation for practical boiler engineering, ought to be first 
simply to determine the best proportions of the single boiler 
of a single double-powered condensing engine, and without 
complicating the subject more than necessary until the data 
for this one object is fairly established. 

Section 19. — The "Boulton and Watt" Boiler. 

It is very commonly stated that Boulton and Watt allowed 
25 cubic feet of space in the boilers for each horse power ; 
but it is certain that Mr. Watt never left any opinion to that 
effect on record, and it is no less certain that the practice of 
the late firm of Boulton, Watt, and Co., gave no sanction to 
such statement. 
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In thes referring to the celebrated firm of Boultoa and 
Watt v I do not profess to have any exclusive knowledge of the 
rules they used otherwise than by the means that are open to> 
others, that is, by measuring a good number of the boilers and 
knowing their capabilities. The proportions used by other 
engineers I also preferred to obtain in the same way, although 
kindly offered every information on the subject by some of the 
fkat houses in the trade. 

It is true that seme of Boulton and Watt's 20-horse boilers- 
that I have met with just occupy a space of about 18J cubic 
yards, or measuring by their extreme dimensions, say 12 feet 
Lrag, 5£ feet wide, and 7\ feet deepr— nearly 500 cubic feet — 
which, divided by 20, gives just 25 cubic feet of " space " for 
each horse power. But this is of course space jbr stowage, or 
room for the boiler to stand in, and not inside " boiler room/' 
as usually understood, although it is not at all improbable that 
the general currency of the statement may have had no better 
origin than a mere commercial arrangement for packing it on 
board ship. 

There is only one other way in which such an erroneous 
statement could have obtained currency, and that is by 
Boulton and Watt's 30-horse boilers being mistaken for 
20-horse, owing to their ordinary practice, when electing their 
engines in Lancashire, of putting down a 30.- horse boiler to a 
20-horse engine. 

Although it is admitted that the day for wagon boilers is 
past, yet it may be useful to put on record the details of some 
of the most efficient and economical that are now in use in 
the Manchester factories, if it be only to mark the progress 
that may be made with circular boilers and greater ex- 
pansion. 

The following (fig. 5) is a cross section of a " Boulton and 
Watt boiler," as erected by Boulton, Watt, and Co., at a silk 
factory in Manchester, about fifteen years ago ; and as this 
was a case (and not an isolated one) in which this particular 
kind of boiler was adopted by my advice, I have had special 
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opportunities of watching its performance. Fig. 6 is a longi- 
tudinal section of the same boiler, showing the uptake of the 
inside flue*. 




This boiler is 5-J- feet wide by T\ feet deep, the same as the 
20-horse boiler mentioned above ; but instead of 12 feet, it is 
15 feet long, and contains an inside flue measuring 20 inches 
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wide across the top. This, according to the rule for flued 
boilers formerly mentioned, is considered in Lancashire equal 

tQ (5-5 + 1-66) x 15 = 21-49, f>r about 21*-horse power; 

5 
and if we calculate the cubic capacity of the boiler, including 
the flue tube, from the same dimensions, we shall And it to 
be about 18$ cubic yards, or very little more than 500 cubic 
feet ; and this, supposing it to be taken for a 20-horse boiler 
(which it actually is) instead of a 30, gives just 25 cubic feet 
per horse power, showing the same result as before. 

I shall only add in this place, that this boiler was equal to 
drive a Boulton and a Watt 20-horse engine with great ease, 
loaded to full 30 effective horse power, with less than 10 
pounds of coal per horse power per hour, including making 
sufficient steam to warm a large factory where it is yet at 
work. 

"With respect to the effect which the propagation of the 
above assumed rule for boiler room has had on the practice of 
boiler making generally, there is no doubt but it has. been 
beneficial ; for makers and users of boilers have been naturally 
induced not to depart very far from what they considered 
Boulton and Watt's standard. We have, in consequence, a 
great number of boilers of all the various forms in use, ranging 
within a few feet above and below this proportion of 25 per 
horse power, from which a good average proportion can be 
obtained far more nearly correct than if the practice of 
engineers had varied at random, or to a greater extent on 
either side of this imaginary standard, which accidentally 
turns out to be very near the correct proportion. It is a 
comparison of a great many cases of this kind which has con- 
vinced me that those boilers which are a little above 25 cubic 
feet per horse are the most economical. It may be asked how 
we are to reconcile the above conclusion with the generally- 
acknowledged efficiency of Boulton and Watt's boilers, 
seeing they are not more than two-thirds the usual- pro- 
portion of capacity given by other engineers, and less than 



ON STEAM BOILERS. 65 

two-thirds of what I now recommend as giving the best results 
in practice. This question admits but of being answered in 
one way, that is, by a reference to the practice already alluded 
to, of rating the boilers at one-half more than the nominal 
power of the engines they are intended to drive. The pro- 
priety of the practice was proved in the particular case recited, 
the engine to which this boiler was applied being overloaded 
just in the same proportion. 

Section 20. — Capacity of Water Chamber. 

In fixing on the proper capacity of the water chamber of a 
steam-engine boiler, there are not such peculiar difficulties as 
in the case of the steam chamber; and any one at a first 
view of the matter would say, as many do say without suffi- 
cient consideration, that there cannot be too little water, pro- 
vided the boiler is filled to the proper height ; for it is quite 
obvious the smaller the quantity of water, the less will be the 
expenditure of the fuel during the first getting up of the 
steam after each stoppage of the engine. It is, however, not 
the "getting up" the steam, but the keeping it up, that ought 
to be considered of most consequence. 

It is a prevailing opinion that, after the steam is once got 
up, there is no material difference between keeping a large 
quantity of water boiling, and a smaller quantity, provided 
the escape of heat is prevented by sufficiently clothing the 
boiler with non-conducting substances ; but on this subject 
engineers differ, although why practical men should differ in 
opinion on so plain a matter is unaccountable. It appears 
very clear to me that a large quantity of water must require 
more heat, or heated surface, to keep it boiling, than a smaller 
quantity* even supposing the heat required to generate the 
steam to be equal in each case ; for there must be a great 
deal of power expended in keeping the water in motion, and 
every practical mechanic knows that we never get power for 
nothing. 
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On the other hand, when there is too small a quantity of 
water, it is difficult to keep the steam sufficiently steady. It 
is then quickly got up, but is liable to get quickly down again. 
This is more especially the case where the old system- of firing 
and stoking by hand is still in use ; but where any system of 
machine firing is used, on the principle of continuous supply, 
a much less quantity of water is found to do than was formerly 
thought necessary. 

The priming of the engine is, also, not altogether unaffected 
by the quantity of water the boiler may contain, irrespective 
of the height of the water surface, inasmuch as a smaller 
quantity of water becomes much sooner thickened. The daily 
accumulations of whatever dirt or impurities enter the boiler 
along with the supply water, either in solution or suspension, 
become sooner concentrated by boiling ; consequently frequent 
cleaning of the boiler, by preventing priming, enables us to 
work with a smaller quantity of water. It is in this way that 
there is almost always a saving of fuel to be effected by a 
proper arrangement of deposit vessels in the water chamber of 
a boiler; for they displace a certain quantity of water, and at 
the same time collect the deposit. Except for considerations 
of this kind, it is very evident that we cannot have too little 
water room; but our business at present is only with the 
ordinarily well-managed boiler of a factory engine, that is sup- 
plied with good water and kept moderately clean ; and with 
that I consider half a cubic yard of water room per horse 
power ought never to be exceeded . 

It has been very commonly considered that 10 or 12 cubic 
feet of water per horse power is as little as ought to be allowed. 
Tredgold recommends not less than 10, in consideration of the 
feeding apparatus for water not acting with perfect uniformity, 
even if ever so delicately adjusted ; but in fact, contrary to 
what Tredgold supposes, it is usually found that the feed-water 
enters the boiler with the greatest uniformity when the feeding 
apparatus is not so very delicately adjusted ; for when the float 
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acts rather stiffly, it is then not so much affected with the 
occasional ebullition and agitation of the water. 

I have already stated that we ought in no case to have more 
than 13£ cubic feet, or half a cubic yard of water per horse 
power : and lowering the water surface in a boiler at any time 
would go far towards convincing any one of this, were it not 
that the improvement thereby made may be supposed to be as 
much owing to increasing the steam room as diminishing the 
space for water. To obviate this source of uncertainty, how- 
ever, I undertook a long course of experiments in partially 
filling up the water spaces of boilers with large stones and 
other articles without altering the water level or the other 
conditions of the boiler, somewhat similar to what is repre* 
sented in figs. 7, 8, and 9, to the extent, in some cases, of 
leaving only a mere shell of water between the solid filling-up 
blocks and the boiler sides ; and it was invariably found that 
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decreasing the water decreased the consumption of fuel. 
Even as much as from 5 to 10 per cent, was occasionally 
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gained in this way. When I first mentioned the result of 
some of those experiments, the plan of using filling-up blocks 
in the water room was immediately adopted at several works 
in the north of England, although often without judgment or 
discrimination, and where it did more harm in one respect 
than good in another. Nothing could be more simple and 
cheap, literally costing nothing ; for anything, might be used 
for the purpose that came to hand, such as iron, stone, timber, 
&c. The articles used should be fixed upon a platform made 
of iron rods, laid across the internal stays of the boiler, and 
sufficiently clear from the bottom and sides, as represented in 
the preceding figures. The most convenient articles for the 
purpose were large fire bricks, from 18 to 20 inches long, 12 
inches broad, and from 4 to 6 inches thick, with an oval-shaped 
concavity on one or both sides, sufficient to take away about 
one-half of the material. With these dimensions, 36 of them 
occupy about a cubic yard. 

It is proper to mention one practical disadvantage in using 
the fire-brick blocks to any great extent. They were found to 
keep the steam up for some time after the fire was put out ; a 
fact decisive of their economy in a theoretical point of view, * 
yet, owing to the waste of water caused by the steam blowing 
away at the safety valve during the night, or after the engine 
had stopped, there was danger of the water getting too low. 

There can be little doubt that these filling-up blocks have 
a beneficial effect in producing a uniformity in the evapora- 
tion, independently of the effect arising from the displacement 
of the water, and which may be likened to that of the fly- 
wheel on the engine, by becoming a sort of reservoir of heat* 
or regulator of the evaporating power of the boiler. This 
effect is especially observable if compared to the irregular 
action of a boiler with a large inside flue when fired by hand, 
the steam being liable to vary very considerably every time 
the furnace door is opened. 

The plan which most readily suggests itself for diminishing 
the quantity of water in land boilers, without diminishing its 
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depth or lowering the water level, is that of putting one *or 
mare flue tabes through the lower part of the boiler. It is 
the most usual course recommended by boiler makers ; and, 
when not too expensive, is certainly the best, as it both adds 
to the heating surface and strengthens the boiler at the same 
time, the tubes being made to answer all the purposes of stays. 
When the boiler is too short in proportion to its diameter, it 
may also be serviceable, if required, in causing the current of 
flame and smoke to continue longer in contact with the boiler, 
which leads to the consideration of the subject of the nest 
chapter. 



CHAPTER IV. 



Principles determining the proper Length of Boilers, with Examples, 'Rules, 
and Instruction in setting up. 

Section 21. — On great Extension of Surface, an© 
Saving Waste Heat. 

One of the most prevalent sources Of error, to scientific not 
less than to practical men, is the apparent paradoxical fact 
that, whatever length a boiler is made, the heated air or smoke 
which escapes is still capable of boiling water in a separate 
vessel placed in the flue leading to the chimney. This natu- 
rally induces a suspicion that, in our ordinary methods of 
setting boilers, we only obtain a small portion of the Jieat 
derivable from the fuel. Some of our most eminent scientific 
men have publicly stated as their opinion, derived from " che- 
mical considerations" only, that, owing to iC imperfect * com- 
bustion" alone, to say nothing of the misapplication of its 
products, some sixty to seventy per cent, of the fuel is wasted ! 
And nothing is more common than to hear the most practical 
men declare their belief that, for want of a proper application 
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of those products, " one-half of the fuel goes up the chimney." 
Hence our patent offices are filled with the thousand and one 
schemes, with their various and endless winding and zigzag 
flues, of the numerous inventors of boilers, many of whom 
appear to me to have quite a mania for running after and 
"using up" the "whole of the heat/' with a determination 
far exceeding that of the perpetual motion seekers, and with 
quite as lit tie chance of success. 

The fact stated, however, is in no way surprising, although 
steam may be thus raised in a close vessel, even to a much 
greater pressure and temperature than that in the boiler from 
which the waste heat has escaped. It certainly must be 
allowed that steam so obtained, if returned into the boiler at 
a workable pressure, is ao much clear gain. My argument, 
however, only is that it is not much ; and calculated commer- 
cially it is worth less than nothing, that >is, taking rim* into 
the account ; for, according to what is elsewhere observed, we 
And the steam obtainable in that way to be produced at so 
slow a rate, that its value is less than a very small per centage 
on the capital employed to obtain it. 

The general leaning of many manufacturers, as well as the 
great majority of engineers, to erroneous opinions respecting 
the proper length of boilers, as well as the proper quantity. of 
heating surface, namely, that they may both be almost inde- 
finitely extended with advantage, is much to be deplored, and 
is difficult to eradicate, except by dear-bought experience — the 
best and only proper teacher where parties, from prejudice, 
interest, or something worse, are inaccessible to reason. The 
only misfortune is that, of the two classes just referred to, 
manufacturers or proprietors of steam engines and engineers, 
the dear-bought experience of the latter is commonly paid for 
by the former ! • This needs no comment as to the result to be 
expected. I can only say that, both previously to and since 
the publication of the last edition of my practical Essay on 
Boilers, in 1839, 1 have had many opportunities of witnessing 
the effect produced by lengthening boilers, but never yet met 
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with a single case where any absolute saving accrued from 
such alterations, excepting where there had been previously a 
manifest deficiency of heating surface or of steam room. 

The exceptions just stated are important, and require to be 
particularly noticed, for the neglect of them is generally the 
cause of much self-deception on this subject. A manufacturer, 
for instance, has got his engine overloaded, causing an in- 
creased consumption of fuel, arising from the necessity of 
overfiring a boiler too small for the work it has to do. He 
then finds, perhaps for the first time, that the temperature 
inside the chimney flue is 500° or 600°, and knowing that the 
heat of the steam is little more than 212°, he hastily concludes 
that the difference is sent up the chimney and lost ; and con- 
sequently, instead of putting in a larger fire-grate, or at the 
most a larger boiler, he gives a ready assent to the use of any 
plausible means of "robbing the smoke of this waste heat 
before it escapes." Hence a boundless field of speculative 
inquiry is opened, and how to " use up the whole of the heat " 
in the most advantageous manner, becomes a question of in- 
tense interest to those whose establishments require the ex- 
penditure of several thousands a year in fuel. 

In many attempts to save this waste heat separate boilers 
have been added, completely inclosed in the main flues leading 
from the boiler to the chimney, without the least perceptible 
result as to saving of fuel. These supplementary boilers, or 
"heat savers," as they are always called (when first ordered), 
have been also made without any steam room, and applied 
solely for the purpose of heating, or rather only warming, 
the water for feeding the larger boiler. It is true that the 
water is certainly elevated in temperature on its way to the 
boiler; yet exactly how much heat has ever been saved by 
such means I believe is yet a question for the philosophers ; 
but judging of the quantity of heat, latent and sensible, saved 
by its effect in saving fuel, which is the most sensible criterion 
for the manufacturer to judge by, it differs from nothing (if 
not quite nothing) by less than any assignable quantity. 
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In one case to which my attention was particularly directed 
at the time, from the circumstance of its being adopted, if not 
at the express advice, at least in accordance with the opinions, 
of a very eminent Manchester chemist, the " heat saver " was 
a 4-horse cylinder boiler, of 2 feet diameter and 10 feet long, 
suspended longitudinally in the main chimney flue of a 
40-horse Boulton and Watt boiler, in such a way as to be no 
interruption to the draft ; and although this might be con- 
sidered equivalent to the addition of at least 10 per cent, to 
the heating surface of the boiler, in order to make the experi- 
ment more decisive a second "heat saver" was at the sams 
time ordered, of somewhat thinner iron, but of exactly the 
same size, and also fixed at a little distance beyond the first. 
They were connected together by a pipe, and the first was 
connected with the ordinary feed pipe of the boiler. A 
separate supply pipe was also carried from the hot well to the 
farthest heat saver, so that the feed water was forced through 
both the heat savers before it entered the boiler. The ordinary 
feed apparatus was also retained, so that either mode of supply 
could be used for the purpose of experiment. The chief 
result, however, was clearly established to be no appreciable 
saving in fuel ; and although the heat savers succeeded in 
making the water within them nearly, if not quite, as hot as 
that in the boiler, yet it was observed that there was very little 
difference in the temperature (only two or three degrees) 
within the ordinary feed pipe of the boiler, whether it received 
its supply from the heat savers or direct from the hot well of 
the engine, at least 100° colder. 

This result was evidently a consequence of the fact, that 
the quantity of heat required to raise the temperature of the 
water in the boiler, about 100°, was practically nothing as 
compared to the quantity required to convert the same water 
into steam. 
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Section 22. — Great Extension in Length not 
necessary. 

The plan most commonly resorted to, however, is to lengthen 
the boiler, and if in any such case a manufacturer finds a 
certain saving of fuel, he usually ascribes the improvement 
solely to the extension of the distance the smoke and hot air 
have to travel before they escape, forgetting that the increased 
quantity of heating surface and boiler room may be quite suffi- 
cient to produce the increased economy in fuel, which in fact 
is the case nine times out of ten. 

Correctly recorded experiments in all cases support the posi- 
tion I wish to enforce ; which is, that in a well-proportioned 
boiler there ought always to be a sufficient area of heating 
surface within as short a space as possible. 

The propriety of a practice founded upon this principle was 
conclusively settled at that great era of steam engineering, the 
opening of the Liverpool and Manchester Railway, by the suc- 
cessful trial and final adoption of Mr. Stephenson's great in- 
vention, without which railways would have been useless for 
many of their most important purposes — I allude to the fire- 
box tubular boiler of the celebrated " Rocket " locomotive 
engine : to say nothing of the engine itself, as being a matter 
of mere secondary importance for connecting the power with 
the wheels, — it was the Boiler that was pronounced, with 
scarcely a dissentient among the hundreds of engineers who 
witnessed its performances, to be " the invention " that was to 
" make " the railway ; a prediction that a triumphant career 
of twenty years without a single competitor deserving the name 
has amply verified. It has in truth made railways, not only 
figuratively, but actually. 

The boiler of the Rocket, which so completely transformed 
the slow-going " puffing billy " travelling engine of the Hetton 
<c wagon-way " into the iron race-horse of Lancashire, at the 
same time added greatly to its power of doing heavy work. 
And the more closely the principles involved in that great in- 
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ventkm have been adhered to since it first ft burst on the world 
like a rocket," the more perfect has been the railway locomo- 
tive for efficiency and economy combined ; although the most 
valuable of those principles were either not very clearly under- 
stood, or not candidly acknowledged, by any party during the 
celebrated battle of the gauges. And as it is always good to 
recur to first principles, it may be as well to remind railway 
engineers that the great principle of the locomotive boiler is 
quick combustion wilh short and direct draft, the extreme op- 
posite of the far-famed Cornish system of slow combustion 
with long drawn out flue surface, and points clearly to the 
policy of increasing the number of tubes-, and consequently th© 
diameter of the boiler rather than its length. 

In adverting to the advent of the first efficient locomotive, 
it is impossible to help recurring to the strenuous- efforts then 
made, in Liverpool and other places, to prove by experiment 
the alleged superiority and economy of various new patent 
boilers* constructed on a principle completely opposed to that 
of the Rocket, — having long continuous winding flues. In 
one of the patent boilers it was alleged that "the heat was all 
so entirely used up/' by its extraordinary economical qualities 
— that the caloric evolved from the fuel wa»»so completely 
abstracted by the rapid generation of steam, and the heated 
air and incombustible gases so far robbed of their lieat and 
cooled down, that the naked hand or arm might be placed with 
impunity inside the tube by which the smoke* escaped from the 
boiler. And as if this experimental specimen of proving too 
much was not sufficient, it was gravely alleged to save one 
hundred and twenty per cent, in fuel ! ! 

Section 23. — Principles governing the Length of 
Boilers. 

"When a boiler is to be set up in the simplest possible way, 
that is, without return flues of any kind, it is of some conse- 
quence to know to what length the flame is likely to extend, 

E 2 
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because on this will depend in a great measure the extreme 
limit of the length of the boiler. 

In using fuel with little or no flame, it is evident that a 
boiler of a form approaching as nearly as convenient to that of 
the equal cylinder, or cylinder of greatest capacity, would be 
the best for economy in first cost, end if made with hemi- 
spherical ends, would also be the best for strength. Therefore 
a boiler of this form, whoae length is equal to twice its diameter, 
will be the shortest that can with any degree of propriety be 
recommended in any case. And it is possible that such a 
boiler might be. beneficially adopted in some cases where coke 
or anthracite coal is the fuel used. 

There is a current opinion amongst experienced workmen, 
that the common wagon boiler ought to be about three or four 
times the length of the fire grate ; and it is based upon the 
observation, that when a boiler is set up in that proportion, 
and the fire " managed as it ought to be," that the whole of 
the flame will be expended against the boiler bottom, and 
never pass into the side flues along with the smoke. The 
truth of this observation, however, depends upon circum- 
stances. If heavy charges of some of the more bituminous 
kinds of Newcastle coal are made upon a grate with thick bars 
and confined air spaces, it is far too common to see the flame 
extend occasionally to double the length of the boiler every 
time it is roused up by a very determined stoker ; and it is 
commonly enough done as a feat to be boasted of; it is, how- 
ever a feat of barbarism that, except in some possible urgent 
circumstances, ought never to be attempted. 

With boilers whose fire grates are square and whose lengths 
are not less than four times the length of the fire grate, I 
have never seen an instance of the flame reaching the end of 
the boiler, where I have not at the same time found either the 
fire bars too thick or the fire too thick upon the bars, or a bad 
draft, and usually all three together. Even when the chimney 
draft is good, should the furnace not be kept regularly cleaned 
and the fire bars free from clinkers, or should there be a large 
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mass of coals thrown upon the fire at once, covering the whole 
of the area, and thus interrupting the due supply of air through 
the grate, the consequence is nearly similar. In ,such a case 
the furnace becomes little better than a gas retort, and the 
gas so made has been frequently known to fill the chimney 
and flues, so as to take fire at the chimney-top, and burn like 
a gas light. This thick firing is in fact the ordinary trick of 
smoke burners. "Distilling" gas, as they term it, from 
heavy charges of coal, and then setting fire to it beyond the 
bridge, thus occasionally filling the flues with flame, but 
generally with a feebly burning mixture only of carbonic oxide 
gas and air, whilst in the furnace itself, for want of a due 
supply of air through the grate, there may be very little heat 
or flame produced. These, however, are exceptional cases ; 
but where the ordinary open firing, instead of close firing or 
" charging/' as the destructive system of heavy firing is very 
properly, though innocently, called by its advocates, is used, 
and there is a free supply of air (where only it ought to be) 
through the fire grate, the flame from common coal, if well 
spread out in a thin sheet against the boiler bottom by means 
of properly-constructed bridges, will ordinarily be expended in 
about twice the length of the furnace. 

In accordance with these and other reasons before given, 
I have always preferred having as much of the boiler bottom 
as possible exposed in the furnace to the direct action of the 
fire and flame. 

The proper area of heating surface to the fire grate being 
now determined upon, with a proportional space for the flame 
to develope itself in, the question next to be decided is, whe- 
ther it is better to obtain that surface in as compact a space as 
possible, in the immediate vicinity of the fire grate, or by 
means of comparatively long narrow flues, either winding or 
otherwise. That the first is infinitely to be preferred to the 
latter arrangement is so obvious, that it appears strange how a 
contrary practice could have crept into use. 

As a general principle, then, in the construction of boilers, 
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we must select that form which gives the proper .quantity of 
heating surface along with the greatest capacity as well as 
strength for the quantity of material employed, and withal 
comprised in as compact a space about the fire-place as 
possible. The three last conditions would lead us to prefer 
the spherical form, and if it were absolutely necessary to have 
the furnace within the boiler, a form approaching to this might 
still be the best, as in the fire boxes of some locomotive 
engines. The old-fashioned " haystack" boiler is ako a near 
approach to this shape, and up to a certain size it is yet, 
perhaps, as good as any when well made. 

The next in degree for simplicity of form is the horizontal 
cylinder, and it is almost a necessary requisite, to ensure the 
greatest strength and perfection of workmanship, that it be 
made without any inside flue. This form of boiler admits of 
a firegrate underneath it of its full width; and, if set up 
without external side flues, and by means of proper bridges, 
the name may be made to envelope nearly the whole of the 
lower half of its external surface very advantageously. There 
is, however, an admitted difficulty in adapting the fire upon a 
level grate, so as to act uniformly against the convex boiler 
bottom; but their greatest faults have arisen from imperfect 
methods of setting, being commonly set up with side flues, 
like wagon boilers, to which, unless of very large diameter, 
their form is not at all adapted. 

Section 24. — Experimental Proofs in Favour op 
Short Boilers. 

Whether there is anything to be: gained by making a boiler 
of greater length than four times the length of the fire-grate, 
other conditions being the same, there have been very £bw 
experiments on a large scale to determine. The only traeof 
which the result has been published, bearing in some degree 
upon the question, is one by Mr. Stephenson, of which some 
account is given in Mr. Nicholas Wood's work on Railroads. 
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The experiment was mode with a boiler similar io that of the 
^Rocket locotu o tire, "when the fact of the Tery much greater 
erapowting power of the fire-box, per unit of surface, than of 
the rest of the boiler • containing doe tubes, was decidedly 
proved ; rand the difference found to be so very considerable, 
•bout 3 to 1, that it had .great influence in producing the 
^present practice of making locomotives with very large fire 
boxes, and which has pro-red to be so eminently successful. 

M. Pambour regrets that such experiments had not been 
more frequently made, and without which he appears to think 
it a difficult matter to -settle the true theory of the locomotive 
engine. This *was -not enrprising.a dozen years ago, when M. 
tPambour's own disinterested and valuable experiments were 
made on the Liverpool and Manchester Railway. But im- 
portant "as such additional experiments would be, I believe 
they are still a desideratum so far as the locomotive is con- 
cerned. This is perhaps neither the century nor the country, 
for carrying out such experiments, unless some direct practical 
benefit resulted to some one monopolist or monopolising com- 
pany. The proper length of a boiler is not patentable, other- 
wise it would have been found out long ago. The fact is, that 
private individuals eannot undertake the expense of experi- 
ments on a large scale, and many shrink from the labour. 

Even with respect to the ordinary factory boiler, it is no 
very easy matter to induee manufacturers to try experiments 
of cany kind. Although I have for many years urged on them 
the importance of settling this particular subject of length, 
when about to order new boilers, I have never succeeded, even 
partially, except with two or three who took some few steps 
towards it. I never made but one direct experiment to this 
end, which was necessarily on a small scale, of which I pub- 
lished an account st the time. It was as follows :— I made 
an open-topped boiler divided by -water-tight partitions trans- 
versely into four equal divisions, each nearly filled with an 
equal quantity of water ; a coal fire was madenpon a square fire 
grate, underneath, and close to one end, of exactly one-sixth 
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the length of the boiler ; the coal was supplied in the usual 
manner by hand, and each division of the boiler was similarly 
supplied with water. It was then found that the proportional 
quantities of water evaporated in the first and second divisions 
were something like those in Mr. Stephenson's experiment ; 
but in the third division the evaporation was still more 
greatly diminished ; and in the fourth it was practically 
nothing, or so small as scarcely to bear any comparison to 
the whole. 

The result of this experiment was sufficient to determine — 
what it has since been my uniform practice to recommend — 
that the length of boilers need not in any case exceed six times 
their width or diameter; supposing the latter to determine 
the size of the square fire grate. This advice has been ex- 
tensively acted on for many years with uniform success. In 
one instance, where some plain cylindrical boilers, equal to 
six and seven diameters in length, were found to be about as 
economical as any other kind previously used, other boilers 
have been made for the same works successively, equal to Jive 
and four diameters, with equal if not increasing economy in 
fuel. In this instance I am of course speaking of boilers with 
direct draft, and no internal flues nor flues of any kind. 

When a cylindrical boiler is large enough in diameter to 
allow of its being set up with winding flues or a wheel draft, 
of course its length may then be advantageously reduced to the 
same proportion, or nearly, as in wagon boilers that are set 
up in the same manner, or to about four times their diameter. 

This, however, is a method of setting cylindrical boilers 
which is decidedly objectionable. For unless the boiler is 
5 to 6 feet in diameter, or upwards, the seating walls in such 
a case generally encroach too much upon the necessary width 
of the fire grate ; or, if the furnace and fire grate be made 
sufficiently wide, then the side flues will be found too small 
for the draft or for convenient cleaning, unless the brickwork 
is gathered in above the central line of the boiler, thus making 
the side surface almost useless as effective heating surface. 
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Besides, this small space for the side flues often induces the 
bricklayer to cover in the flues nearer to the water level than 
is prudent, and then it is pregnant with danger from the 
greater liability of the water occasionally getting too low. 



Section 25. — Proportioning Length to Quality of 
Coal. 

When a cylindrical boiler has an inside flue tube, and is 
set up with a split draft, as described in sec. 5 (p. 9), then 
the above objections do not so fully apply ; because the smoke 
being then divided into two currents, the side flues only 
require to be half the area of the former. In this case, on 
account of the inside tube, the boiler cannot be conveniently 
less than 5 feet in diameter, and it need not be more than 
about &§■ diameters in length. Thus a boiler of this diameter 
may be 17£, say 18, feet long, and, with an inside flue tube of 
2 feet diameter, will have about 22 square yards of effective 
heating surface, and with 22 square feet of fire grate, say 4 
feet wide by 5} long, will be a 22-horse boiler ; as appears by 
the following example of the calculation, according to the 
formula for the short- slide rule (at page 13) : only instead of 
using Mr. Hick's divisor of 5y, use 5*73 for a gauge point, as 
recommended at page 23, which gives the number of square 
yards of effective heating surface, thus : — 

a | Gauge Point = 573 | d = 5 + 2 = 7 
D j sq. yards = 22 | Length = 18 

The above is for Lancashire or any other inferior coal, 
requiring a square foot of grate bar per horse power. If a 
superior quality, say Newcastle coal, requiring only f ths of a 
square foot per horse be used, the power of the boiler will still 
remain the same ; but to prevent undue waste of heat it is 
then only necessary to reduce the length of the grate in the 
proportion of 4 to 3, or from 5 J feet to little more than 4. 
It is, therefore, necessary to bear in mind that the rules given 
above for regulating the length of boilers relate exclusively to 

e 5 
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the practice with Lancashire coal, and low pressure, stationary, 
or factory engines, and that wheTe better coal is used the 
grate need not be so wide, and the diameter of the boiler may 
be proportionally reduced, which would make it more suitable 
for high pressure. But in this particular case it is prefer- 
able that the boiler should be extended in length, rather than 
diminished in diameter ; which would leave too little room for 
the flue tube, and alter the character of the boiler. 

Taking the above example, for instance, and adapting the 
shape of the boiler to Newcastle coal, it must be lengthened 
one- third, thereby making it 4f diameters instead of 3£ dia- 
meters long, say about 24 feet instead of 18 as before, the 
heating surface being of course increased exactly in the same 
proportion, or from 22 to 29*3 square yards : which last num- 
ber is the number of nominal horses' power the boiler would 
now be equal to, if fired with Newcastle coal upon the first- 
mentioned grate of 22 square feet, or J square foot per horse. 

While making use of the above examples in illustrating the 
subject of lengthening boilers, it must be observed that any 
comparative experiment made with boilers of the precise 
dimensions here given would not be a fair one ; because, accu- 
rately speaking, the flue tube in the last example ought to.be 
enlarged in its cross sectional area from 4 to 5J- circular feet, 
or in proportion as the power of the boiler is increased ; that 
is, from 2 to 2*3 feet in diameter, supposing the same kind of 
coal used. This would increase the power as follows : — 



A 


G. p. = 573 


d = 5 -f 2*3 = 73 





h. p. = 30£ 


| Length = 24 



namely, to 30£-horse power. The enlarged flue tube would 
also alter the proportions of water and steam room, to provide 
for which a separate steam chamber should always be con- 
trived. 

When a flued boiler, either cylindrical or wagon-shaped, has 
the uptake inside the boiler, as in a Boulton and Watt boiler 
(fig. 6), which is an excellent arrangement, so that a portion of 
the flame may occasionally pass into the tube instead of being 
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expended agamst the brickwork, the length of the boiler will 
then admit of being redaeed to abont three times its width or 
diameter. This, in feet, is the exact proportion of many 
factory boilers of both kinds, thus set up with a split draft, that 
lame been found to be exceedingly economical. 

Section 26. — Cornish and Butterly Boilers. 

In Cornish and Butterly boilers, both of which have the 
fire to pass through the inside flue tube first, when this flue 
goes quite -through to the end of the boiler, I have not found 
them to be quite so economical if made much less than four 
dtameter&'m length : and this would seem to agree with the best 
practice in Cornwall, where, from long experience, exclusively 
confined to one kind of boilers, there can be no doubt that the 
maximum economical results have long ago been arrived at, and 
that is when the boilers are not more than six diameters long ; 
the .average of about 30 boilers in two of the best- conducted 
mines in Cornwall being little more than 5£ diameters long.* 
Allowing for the superior quality of the Welsh coal used in 
Cornwall, wnhich is probably from 20 to 40 per cent, better 
than the common coal used in Lancashire, this difference of 
one4hird in the length of their boilers is fairly allowable,, and 
is consistent with the best practice in both counties. 

If, however, the fire flue tube of a Cornish or Butterly 
boiler have. a connection with the boiler bottom without going 
through the end of the boiler, similar to the uptake of a 
Booiton and Watt boiler, which in this case may be called the 

**I am -glad 'to be enabled to make this statement from information 
kindly farnisbed-nie by one of the first authorities in Cornwall, and the 
wore so from the circumstance of having inadvertently admitted into my 
former work, on what I now know to be insufficient authority, a statement 
to the effect that the average consumption of coal by all the engines in 
Cornwall was then about 6 lbs. per horse per hour ; an overstatement 
certainly, but not more so than has frequently been made by various 
public writers, advocates of the Cornish system, when referring to the 
comparative consumption of the Lancashire engines. 
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down-take, then the length of the hoiler may be very advan- 
tageously reduced to three-and-a-half diameters. There are 
some Butterly boilers now working in Manchester of this kind, 
which I purposely designed in this proportion in preference to 
a greater length, being 8 feet diameter by 28 long, and they 
have never been exceeded in economy. These boilers were 
9 feet deep, being oval in their transverse section ; but there 
are many in that district of the same proportion, but circular, 
which is preferable for high pressure, say of 8-J- feet diameter 
and 30 feet long, that are equally economical. Boilers in 
this proportion and of these dimensions, with a " take-down " 
inside, and set up with a split draft, if supplied with fuel by 
firing machines, and no stoking, are usually found to unite 
all the qualities of a good boiler that can be wished except 
one, and that is they make more smoke than those whose 
furnaces are more completely surrounded with brickwork, 
which is a difficulty that seems almost inseparable from all 
single furnaces in boilers that generate steam very rapidly, 
and is partly to be ascribed to the consequent rapid abstrac- 
tion of heat from the fuel. 

Excepting the wagon-shape Boulton and Watt boiler, which 
is inadmissible except for low pressures, the above-described 
Butterly boilers, when working to the greatest extent of their 
power, are certainly amongst the most economical boilers, 
taking both fuel and first cost, that are to be met with in the 
cotton factories. They are not so well calculated for very 
high pressure as the Cornish, but usefully occupy an inter- 
mediate position between them and the wagon-shape. They 
have been in very general use during the last ten years, and 
the greatest number of them have been made somewhat 
shorter in proportion than the above, which may therefore be 
taken as affording a safe guide in practice. ' 

From the consideration that the above remarks, together 
with the observations heretofore made, point out the proper 
limits in practice for all kinds of stationary boilers as respects 
length, I have drawn up the following summary of the prin- 
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ciple3 involved, in the shape of rules. These rules are not 
meant for the use of the boiler maker solely, whose best 
business often is to make a boiler to fit any place of any 
shape, but rather for the guidance of the factory architect in 
first setting out and arranging his designs for a building, in 
order to leave room enough for the engineer's plans, which 
architects very seldom do. This remark, it may be observed, 
might not inaptly be extended to some naval as well as factory 
architects, who undertake to design steam ships without be- 
stowing a proper thought about the boilers. 

Section 27. — General Rules for Proportioning the 
Length of Boilers for Stationary Engines. 

Rule 1 . — A plain cylindrical boiler, without any inside flue 
tube, and hung on what is sometimes called the " oven plan," 
that is with a direct draft passing from the fire-place directly 
under the bottom of the boiler to the vent or chimney, and 
without return flues of any kind, need not exceed in length 
six times its diameter ; and it ought not to exceed six times 
the square root of the area of the fire grate in feet if worked 
with Lancashire, Derbyshire, or Yorkshire coal, which is 
equivalent to six times the square root of the nominal horse 
power of the engine in feet. And if worked with the best 
Newcastle coal, the boiler need not be more than about 8 
diameters long, and ought not to exceed 8 times the square 
root of the area of the fire grate in feet, which is equivalent 
to 8 times the square root of three-fourths of the nominal 
horse power of the engine in feet ; and in any case it never 
ought to exceed six feet in diameter. 

Rule 2. — A boiler without any inside flue tube, and set up 
in the common way, with external brick flues and a wheel 
draft, need not be more than about four diameters long, and 
ought not to exceed in length 4 times the square root of the 
area of the fire grate in feet for Lancashire coal. If worked 
with Newcastle coal, it ought not to be more than about 
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5 diameters long, and need not exceed in length 5 times the 
square root of the area of the rfire grate in feet ; and in either 
ease, whether a wagon or a cylindrical boiler, it never ought 
to be more than t6, iner less than 4 feet in diameter. 

Rule 3.— If a boiler contains one or more inside flue tubes, 
passing --quite through it, and is to be set up with a split draft, 
it need not be more than about 3£ diameters long, and ought 
mMo be longer than 3£ times -the square root of the area of 
the fire grate in feet for Lancashire coal ; and if worked with 
Newcastle coal, it need not be .more than about 4£ diameters 
long, and ought not to exceed 4$ times the square root of the 
area of the fire grate in feet ; and never be less than 5 feet in 
diameter. 

Rule 4. — When a boiler contains one or more internal flue 
tubes, with >an inside uptake or connection 'with the boiler 
bottom, as in Boulton and Watt's, tor as in the marine 
"tubukr" *and other mulifthae baiters, the length of the 
boiler needaiotbeunore than about three times its diameter 
with Lancaehite coal, and ought not to exceed in length 3 
times the square root of the ^area of the fire grate in feet ; but 
with Newcastle coal its length in feet .may be equal to 4 times 
the square root of the .area of the grate, and need not be more 
than about 4 times the diameter -of the boiler. 

Rule 5.— ^Cornish boilers and Jhitterly boilers, set up in 
the best manner, with split draft, and using Lancashire coal, 
need not be more than about 3% and *4 diameters long re- 
spectively ; and if using the best coal, they ought not to he 
more than 5|- and 6 diameters long. 

Boilers 'whose dimensions are proportioned within the limits 
stated in the above practical Tules, more especially those indi- 
cated by the three last, are mostly the best to be found of each 
kind in the manufacturing and midland counties. 

The manner of hanging boilers, to which the first rule 
relates, is yet generally confined to some country places, where 
inferior workmanship only can easily be obtained, and where 
the space occupied by the greater length of the boiler is 
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not of much value ; consequently the data for this rule have 
■not perhaps been quite so exactly determined as may be. 
There are reasons for supposing that the direct- draft cylinder 
boiler may be. made considerably shorter than the proportion 
of 6 to 1, as stated in Rule 1, if the fire could be equally well 
arranged .as in the wagon bailer, the concave bottom of which 
is > admirably adapted to this purpose, because the middle of 
the grate, where the heat is the. most intense, is at the greatest 
distance below the boiler bottom, while the latter gradually 
approaches nearer to the grate at the sides of the furnace,. and 
thus tends to equalise the action of the fire against the boiler. 
32he bottom of the cylindrical boiler being convex downwards, 
the action of the fire is of course exactly the reverse of the 
above. To say nothing of the injury done to the boiler plates 
on this account, there requires to be a greater average distance 
between the grate and the boiler bottom ; this again requires 
a greater quantity of coal in the furnace, which impedes the 
draft and renders stoking necessary, thus causing the flame to 
be occasionally extended in length ; and although such undue 
length of flame cannot be kept up continuously with .any 
degree of economy, it has given rise to a natural, though 
unfounded prejudice against this mode of setting .a boiler, 
often expressed in the observation that "all the heat goes up 
the chimney" Erroneous as the idea is that gives jise to this 
very common remark, it is not a little strengthened by the 
fact that the temperature of the chimney is always very much 
greater with a direct draft than it is where winding brick flues 
are used, which may be considered only as a portion of the 
chimney lying horizontally, the superfluous heat in which is 
doing no good, and is really " waste heat," from the great 
inconvenience and trouble it occasions ; whereas when this 
waste heat is allowed to go freely up the vertical shaft of 
the chimney, it really becomes of great use in increasing 
the ascensional force of the current, thus improving the draft 
and enabling the boiler to be worked generally w^th the 
damper early closed, as all steam-engine boilers ought to be 
worked. 
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Section 28. — Boilers on the Oven Plan liable to 
Explosion from surcharged Steam. 

When a boiler is set up or " hung" with a direct draft, as 
described in Rule 1, it is very commonly but erroneously said 
to be on the "oven plan" which 'designation ought to be con- 
fined to those only where the flame is caused to pass wholly 
or partially over the top of the boiler, although they have 
generally a direct draft also. The use of such plans, however, 
cannot be too much reprehended as pregnant with danger, 
from surcharging the steam with heat, and thereby becoming 
liable to explosion. Few, however, if any, are now set up in 
that way ; but I cannot help thinking that some of the other- 
wise unaccounted for explosions which have occurred of late 
years have been owing to a similar cause. 

Surcharged steam may be produced in a boiler without the 
latter being exactly on the oven plan, and I have not the least 
doubt that it is frequently, if not constantly, so produced in 
cylindrical boilers that have the side flues carried up con- 
siderably above the level of the centre of the boiler. 

Although out of place to treat . on explosions in this chapter, 
it is most important to omit no opportunity of inculcating 
caution in setting up cylindrical boilers with or without side 
flues, if the fire or flue is carried very high up or too near 
the water level. It is more especially the case if the boiler 
is of small diameter ; the flame is then compelled to act 
strongly against the top of the side flues, thus overheating 
the brickwork, and reverberating partially above the convex 
sides of the boiler, having only a slight effect in generating 
steam. 

Should, however, the water level happen accidentally to fall 
only a single inch below the top of the flue, we know very 
well how rapidly the steam would become surcharged with heat, 
although, perhaps, no very great addition to the pressure would 
be indioated by the steam gauge. 

There is no doubt whatever, in my mind, that in such a 
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boiler, even without supposing the water to fall below its 
proper level, the steam is constantly being surcharged, owing 
to the boiler plates, in the upper part of the flues, being in 
such an unfavourable position for transmitting the heat to 
the water partially below them, at the place where the greatest 
heat is always found. There must be a particular liability to 
the accumulation of surcharged steam where the boilers are 
well covered with brickwork or other bad-conducting sub- 
stances. The heat imparted to the iron is thus in a manner 
prevented escaping in any other way than by conduction up 
into the steam chamber and surcharging the steam. This 
process of heating the steam will go on at a slower rate cer- 
tainly, but not less surely, than if the water had been for a 
short time too low. 

Now, supposing this over-heating of the steam and the top 
of the boiler to occur from either of the above causes, while 
the engine is at work it is not perhaps likely that anything 
particular will be observed to ensue, unless, probably, the 
burning of the clothing or other covering of the boiler. But 
let us examine the matter when the engine has been standing 
for some time, or when just about to start after the first 
getting up of the steam, afid we shall find a very different 
state of things, the consequences of which, if only leading to 
the slightest probability of resulting in an explosion, are too 
serious to be passed over without great consideration. 

"We may suppose then that the steam chamber has become 
filled with over-heated or surcharged steam from any cause 
whatever, whilst the top of the boiler is also in the condition 
already described, that is, exposed to a temperature of say 
from 350° to 400° ; which supposition is quite consistent with 
the fact that the great bulk of the water in the boiler may 
be at the same time considerably below the common boiling 
point. And although this last assumed fact is, perhaps, only 
of rare occurrence in boilers which have their fires under- 
neath them, it cannot be too widely known, that in all sta- 
tionary boilers which have internal furnaces it is not only of 
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frequent occurrence, bat it is a common observation of most 
practical engineers and workmen, that at the first getting up 
of the steam from coM water in a boiler of this description, 
with the safety Take and ail other outlets of the boiler closed, 
the water at the tower part of the boiler is often quite cold, 
whilst there is a pressure in the boiler of 10 or 20 lbs. on the 
square inch. 

From what we know of the very slow conducting power of 
water for heat doumwards, if some special means of providing 
for its due circulation be not used, it is quite conceivable that 
a comparatively thin film only of the surface of the water will 
correspond in temperature with the surcharged steam, in the 
case we have supposed, decreasing in some rapid ratio down- 
wards to the level of the furnace. It is also evident that 
whilst the surface of the water remains perfectly still and un- 
disturbed, the state of things may continue for some time, say 
ifor several minutes, while the super-heated condition of the 
supper part of the flues and the top of the boiler will go on in- 
ereasing more or less rapidly, according to the extent of the 
flame that is kept up, communicating a correspondingly elevated 
temperature to the already surcharged steam, without adding 
very much to its quantity or pressure. The evaporation from 
the surface of the water will, at the same time, be also going 
"on, slowly perhaps, but gradualry increasing, at a rate-wbiiih 
will then be in proportion to the superficial extent of the 
«water -surface, and the heat of the steam incumbent upon that 
surface. 

As my object in thus tracing ihe proximate causes concerned 
in producing the dangerous consequences that may ensue is for 
the purpose of suggesting the means of prevention, it will be 
here useful to observe that, whatever may be the pressure of 
the steam due to the actual evaporation at this stage of the 
process, it will be nearly doubled by the heat of the steam 
chamber, supposing the latter to have arrived at about 400°, 
which *is -still 'under * the temperature that would leave any 
permanent traces of its existence on the metal, the lowest 
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temperature that gives the>first discolouration to iron (a straw 
colour) being about 430°. Now, excepting by the thermometer, 
there is only one ether means of ^giving the fireman any ready 
indication or suspicion of there being anything wrong about 
the boiler; and rough and uncertain as that indication is, it is 
always sufficient to create alarm, and induce him to take some 
instant precautionary step ; and 'whether that step be properly 
or improperly taken will make all the difference between 
hastening and preventing the catastrophe of blowing up the 
boiler. The indication I am alluding to may be thus de-. 
scribed : — whenever a fireman finds that, on getting up the 
steam pre vious to starting an engine, more particularly after a 
boiler has been vat rest and refilled with cold water, that the 
pressure rises to a certain height in about half the time that has 
usually been the case previously ; or if, after firing a certain 
time, and consulting his steam-gauge, he finds that the steam 
has run up .to 10 or. 20 lbs.. pressure, instead of 5 or 10 lbs. 
as he expected, in the same time, and if the man has been 
accustomed to .the same boiler, and is. assured there is no 
unusual cxroumstonces, of draft or otherwise, to account for 
the difference, then she may be .almost .certain that there is 
surcharged steam in the boiier. 

Nowan idle or <a careless stoker ^might not perhaps notice 
the circumstance just described so >kmg;as the required pres- 
sure is not reached which the safety valve is loaded to blow off 
at; which is the case no doubt very*freauen%, and the cir- 
etunetance is thus passed over without danger or the suspicion 
of danger. But what is the step that, a careful? and still more 
a timid, man would be likely to take at such a time ? In all 
probability, if the means were at hand, he would ^ either " feel" 
or lift the safety valve ; and what is the consequence that 
would be fmost > likely to follow ? : In < the. casetwe hare supposed 
it certainly would not be safety but danger, and, very possibly, 
immediate destruction ; for, <when ca^Kifety valve of any con- 
siderable area is thrown suddenly wide open, there is always a 
sudden rush of watery or rather water and steam mixed, to the 
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opening. This is well known to occur universally under such 
circumstances, and I have more than once seen it purposely 
exhibited by foolhardy engineers, by way of illustrating the 
nature of priming, as priming in fact it is, at the safety valve 
instead of into the cylinder. 

We need not, however, suppose that this is exactly the course 
taken in the case under consideration ; for a very careful man 
would perhaps only ease the safety valve gently on its seat ; 
and if it was in a cotton mill or other factory requiring to be 
heated by steam, the almost certain course he would take 
would be to let the steam into the pipes for that purpose; 
and whether he opens the communication suddenly or slowly, 
the effect produced is that the surface of the water is simul- 
taneously relieved from a portion of the pressure, and in con- 
sequence of being so relieved the water immediately commences 
boiling, not so violently perhaps on the instant, but sufficiently 
so to change it from its hitherto quiescent condition to a state 
of active circulation at least, if not of .actual ebullition at the 
surface. Now this or any other disturbance of the surface of 
the water, starting the engine for instance, will rapidly supply 
the surcharged steam with its full complement of water, that 
being all that is wanted to cause the pressure to mount up 
suddenly from 20 to 200 or 300 lbs., perhaps in a few seconds, 
or to such pressure as is due to the final temperature of the 
steam when fully saturated with water, the dry surcharged or 
desiccated steam, as it may be called, suddenly becoming 
ordinary steam of somewhat less temperature, but enormously 
increased in density and pressure, with what effect on the 
boiler of course depends entirely upon the strain it is capable 
of bearing without rupture. 

Supposing the iron to have arrived at about 400° Fnhr., 
fully saturated steam in contact with it will assume a pressure 
of about 215 lbs. per square inch above the atmosphere, a 
pressure quite equal to account for many of the disastrous ex- 
plosions we have on record. 

Without going farther into the subject in this place, if I 
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have not made it appear very probable that explosions some- 
times do take place from the cause stated, I trust that the 
possibility of their doing so is sufficiently evident, which is all 
that was intended ; for there are many other causes concerned 
in producing a state of things liable to lead to explosions 
which require to be treated on after we have considered the 
proper thickness and strength of iron to withstand any given 
strain. My present object is mainly to induce a more con- 
siderate attention being paid to the subject of properly hanging 
the direct-draft boiler, referred to by Rule 1, so as entirely to 
avoid any even remote possibility of danger arising from the 
causes pointed out. 

"With this view, also, the following figures (10 and 11) are 
given to illustrate the method I have long recommended and 
practised of setting up boilers of this kind ; and although they 
amount to some hundreds, I have never yet heard of one that 
has exploded. I may also conclude with reiterating the 
caution which it was my object to urge at the commencement 
of this section, namely, that the flame should never be allowed 
to act against the sides of a cylindrical boiler above the level of 
its centre, much less above the level of the water. 



Section 29. — Fire and Flame Bridges. 

It is very important that all boilers of any considerable 
length, and particularly when erected on the direct-draft plan, 
should be provided with several flame bridges under them, 
commonly called " check bridges," but perhaps improperly so, 
from the supposition* that their proper office was only to check 
or impede the too rapid current of hot air and flame in their 
passage to the chimney, and consequently to retain the heated 
gases longer under the boiler, which they certainly do quite as 
effectually as causing the smoke to travel through long, narrow, 
tortuoustllues. This, however, is the least important purpose 
they subserve. 
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Fig. 10. 




The above, fig. 10> is a transverse section of one of a number 
of boilers which were erected by a firm in Manchester several 
years ago, all of which are yet in work> showing how the boiler- 
is hung upon cast-iron brackets, rivetted to the boiler a little 
above its centre, and resting by broad flanges on the top of the 
side walls. 

This boiler was purposely chosen of this simple, and what 
may be called rudimentary plan, and put up in the cheapest 
and simplest manner with a direct draft, so that any alterations 
or improvements that it might have been found expedient to 
make, either in the setting or the construction of the boiler, 
might be in the shape of additions merely, and therefore 
capable of being separately proved, both as to first cost and 
actual worth ; and also that observations might be made upon 
it for a sufficient length of time, without the liability of error 
either from complication of construction or from interruptions 
owing to the necessity of stopping to clean out the flues or 
otherwise. It was thus made to answer the purpose of a trial 
boiler, in order -to guide the firm to which it belonged in their 
choice of the kind of boilers to adopt in the erection of some 
new works. 

One of the flame bridges is shown in elevation in %e pre- 
ceding figure (fig. 10). It is an inverted arch, 5 inches from 
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the boiler bottom, and equally distant alL round. Too much, 
attention cannot be paid to the proper construction of these 
bridges-; for neglect in this matter has always been the cause 
of any great waste of fuel that has ensued on putting, up a 
direct-draft boiler. If too great a space is left above them, it 
is almost as bad as if the bridges were left out altogether ; for 
then the flame is apt to divide itself into two currents, one on 
each side of the boiler, and thus run off to the chimney with* 
out taking much effect upon the boiler bottom. 

I believe I was the first to design boilers with several flame 
bridges of this description, at least to publish an account of 
them, and urge their general adoption as an absolutely essenr 
tial requisite to all boilers set up on the direct-draft* plan,, 
which I did on the ground that their proper office is princi. 
pally for the purpose of spreading the flame and heated air 
around the convex heating surface, so as to completely envelope 
the lower half of the boilers in a stratum of flame of compara- 
tively equal thickness or uniformity. 

Similar observations may be made with regard to the fire 
bridge represented in fig. 11. It is too frequently built by 

Fig. 11. 
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bricklayers in the form of a horizontal wall of very little 
elevation at the end of the fire grate, in evident ignorance of 
what the proper functions of a boiler bridge consist, and as is 
also evidenced by the name of "stop," or "fire stop," that is 
commonly given to this bridge, from the supposition that its 
only use could be to prevent the stoker from pushing the coals 
over the end of the fire grate. Its most important object, 
however, is, like that of the flame bridge, to act as a dam for 
the current of flame and gas to flow over. 

The top of this fire bridge is described by a circle of the 
same radius as the boiler, at about 10 inches below the boiler 
bottom, as shown in the above drawing, which is a vertical 
section of the furnace across the back end of the fire grate on 
a scale of one-fourth of an inch to a foot. This fire bridge 
reclines backwards, with a batter of about 6 inches in the 
middle, diminishing to each side of the furnace, where the 
upper part of each wing of the bridge is vertical. 



CHAPTER V. 

On the proper Thickness and Strength of Boilers for Durability and 
Safety, 'with Examples of actual Cases. 

Section 30. — Practical Limits to the Thickness of 
rivetted Boiler Plates. 

The proper strength of boilers, to enable them to withstand 
with safety the required pressure of the steam is a matter of 
such very great importance as regards both life and property, 
and the responsibility of the proprietors as well as the con- 
structors of boilers are consequently of so grave a character, 
as might well justify the devotion of a much larger space to 
this subject, even in a rudimentary treatise. Happily, however, 
the principles on which the strength of all boilers depend 
are comprised in a very narrow compass, and, of whatever 
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^material the boiler is made, may be stated in few words, the 
. ' Strength being directly as the thickness of the metal and in- 

, tersely as the diameter of the boiler. 

'„ . So long as boilers continue to be made by hand labour, and 

, ..the quality of iron remains what it is, the thickness of the 

wrought-iron plates of which they are constructed is also prac- 

5 tically determined within exceedingly narrow limits. A good 

* boiler cannot be so made less than a quarter of an inch, nor 

* much more than half an inch in thickness. 
Some of the best operative Staffordshire boiler makers 

are known to be even disposed to narrow these practical 
limits still more, or to T 5 6 and ^ 6 , and do not hesitate to de- 
clare that with the average of workmen the proper thickness 
of boiler plates must be confined between a quarter of an inch, 
which cannot be properly caulked, and half an inch, which 
cannot be properly rivetted. 

Without wishing to contravene this opinion, so far as the 
inferior limit is placed, it is very probable that the other 
and more important limit may be extended to half an inch or 
.•§• with the partial assistance of the rivetting machine, com- 
bined with properly paid and therefore superior hand labour. 
It is admitted that f-inch plates can now be better rivetted by 
the rivetting machine than -J-inch can be done by hand. 
Useful, however, as is the rivetting machine, and important a 
part as that invention is yet destined to play in the history 
of boiler making, ship building, and bridge building, even 
little and apparently insignificant a step as it is beyond the 
boiler maker's punching engine, it has already done wonders ; 
but it is yet only calculated for plain work, or large tubes. 
We have not yet got a machine that will go through the 
manhole and close up the end of a boiler. 

Admitting the practical data contained in the foregoing ob- 
servations, which I am compelled to do after a recent exami- 
nation of numerous boilers in Staffordshire and the other iron 
counties, where it is common enough to find many of the re- 
prehensible practices mentioned in Section 11 (p. 32) still 
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prevailing— we have scarcely any choice left but to fix <m 
either •§- or fr inch plates, as the thickness at which we shaH 
( most probably continue to get the best boilers made by hand. 
Taking everything into consideration, in answer to the fre- 
quent question of the best thickness, I usually say without 
hesitation -^ for Staffordshire and f for the best Yorkshire 
plates, may be fixed on, as it is generally allowed there is 
that proportionate difference in the strength of the two irons ; 
and with the assistance of tne rivetting machine the maximum 
thickness may soon be extended to ?# of an inch. 

In recommending § iron generally, say for high-pressure 
boilers of small and low-pressure boilers of large diameter, 
as the least thickness that ought to be permitted for the shell 
of any kind of boiler whatever, there are other reasons besides 
its being the ordinary thickness for securing the best work- 
manship, — the principal one, in my estimation, being that, 
owing to its being so much used, we know well what it will 
bear. We know for instance that a locomotive boiler of 
% \ thick and over 3 feet in diameter, will bear a working 
pressure of 80 to lOOlbs. per square inch. I hare also seen 
a boiler of 10 feet diameter and -| thick, tested with a cold- 
water pressure of nearly lOOlbs. per square inch, which gave 
no indication of weakness, although I would very much doubt 
the prudence of working such a boiler at 501bs., and more so 
after its being tested to that extent than before. 

It is very commonly stated that boilers should be tested 
to three times their intended working pressure ; double pres- 
sure is, however, quite ample, at least for high pressure 
boilers, but there ought to be no leakages at that pressure. 
Some also recommend the propriety of testing new boilers, 
in the first instance at least, with air instead of water pressure ; 
and, as it is quite as important to have the seams as well 
caulked inside as out, the use of air instead of water would 
give some practical facilities for that purpose. 
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Section 31. — Rules for Proportioning the Strengh 
to the Pressure and Stress on the Iron. 

The tensile strain that good wrought iron is capable of un- 
dergoing without rupture, is so perfectly enormous that few 
people are able to believe that steam boilers are ever actually 
burst with the fair pressure of the steam, however great that 
may be ; operative boiler makers in particular are all strongly 
impressed with this idea, hence they are all staunch advocates 
of the various theories that it is gas electricity, or anything 
but simple steam, that is concerned in tearing a boiler to 
pieces. Natural as it is, on witnessing the astounding effects 
produced by the uncontrolled power of steam, to ascribe them 
to occult, imaginary, and other far-fetched although so-called 
scientific causes, it is very blameable when parties, who ought 
to know better, encourage such belief, because it indisposes 
men who have the care of boilers 1mm giving sufficient atten- 
tion to simple palpable facts and circumstances in practice, by 
which, with the aid of a little common arithmetic, it is proba- 
ble that all the accidents that have hitherto happened to 
steam machinery might easily be explained. 

The usual rule for estimating the pressure that may be 
safely put on the cylindrical part of a boiler, is to multiply 
the number of pounds per square inch section that you will 
allow the iron to be strained to by the thickness of the plate in 
inches or fractions of an inch, and this product divided by the 
internal diameter of the boiler in inches, will give the number 
of pounds per square inch pressure that each side of the boiler 
must bear, in order to subject the metal to the given 'strain. 
Or, in fewer words, the separating force of a cylindrical bofler 
is equal to double the strength of the iron, the strain being 
borne equally on each side. 

If we fix on 5000 lbs. per square inch section as the 
greatest allowable strain that iron should be exposed to, which 
is about one-third of the maximum strain at which it is liable 
to suffer a permanent derangement of structure, and. less than 

F 2 jM 
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T^of the ultimate strength of the best wrought iron — the 
above rule may be expressed as follows : — 

Rule 1. — Multiply double the strain allowable on the iron 
or (2 X 5000 = ) 10,000, by the thickness of the boiler 
plate, divide the product by the diameter of the boiler, all in 
inches, and the quotient is the pressure of steam in pounds 
per square inch that the boiler will bear without injury. 

Let s = the strain on the iron in lbs. per square inch section. 

t = the thickness of the plate. 

d = the diameter of the boiler. 

p = the pressure at which it may be worked. 
Then the equation for the pressure is — 

2st 

p = ; 

d 

and the general formula for our short slide rule is as follows : — 



A 



2s = 10,000 | d = diameter in inches. 



t = thickness | p = pressure in lbs. 

Example 1. — Required the pressure of steam at which to 
work a locomotive boiler of 36 inches diameter and ■£$ inch 
thick, so that the greatest strain per square inch, sectional 
area, of the iron shall not exceed 5000 lbs. 

A | 2s = 10,000 1 d := 36 inches. 

o | t = & = -3125 | p = 86-8 lbs. 

Example 2. — A cylindrical boiler of common Staffordshire 
iron is 6 feet in diameter, and the circular part of the shell 
■fc inch thick. It is required to find the pressure of steam it 
may be worked at, so that the maximum strain on the iron per 
square inch, sectional area, shall not exceed 3000 lbs. 

In this case the gauge point for the strength of the iron is 
2 X 3000 = 6000, instead of 10,000, and the operation is as 
follows : — 

&J 2s = 6000 | d = 6 X 12 = 72 inches. 
O [ t ~*3\25 | p = 25 lbs. per square inch. 
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Example 3. — The above* is an actual example in practice of 
a badly-proportioned high -pressure boiler. It is required to 
find the diameter of a good one, capable of working at double 
tlie above pressure, or 50 lbs. per square inch, made of the 
best Staffordshire plates of the same thickness (-^ths), but 
able to withstand a strain of 4000 lbs. per square inch, 
sectional area, of metal. 

a | t = -3125 1 p = 50 lbs, pressure. 
o | 2s = 8000 | d = 50 inches diameter. 

Example 4. — A cylindrical low-pressure boiler is 9 feet 
diameter and 20 feet long, made of the best Yorkshire iron 
-f-ths thick : what is the pressure it may be worked at in order 
not to subject the iron to a greater strain than 5000 lbs. per 
square inch sectional area of the metal; and what is the 
nominal horse power of the boiler with Lancashire coal, the 
boiler containing two inside flue tubes on Mr. Fairbairn's 
patent construction, each of 3*33 feet in diameter 1 

First, for the required pressure : — 

a | 2* = 10,000 | d=: 9 X 12 = 108 inches. 
o j t = -I = *375 | p = 3472 lbs. pressure. 

Second operation for the horse power, according to the for- 
mula, Section 5 (page 9), using 5 for a divisor or gauge 
point, which gives Boulton and "Watt's proportions, or about 
8 square feet of effective heating surface per horse power : — 

d = 9 + 3-3 + 3-3 = 15-6 feet I g p = 5. 



Length = 20 | hp = 62*6" 

When a boiler is to be made of the very best iron, requiring 
the coefficient for its maximum strain, 2 s t to be fixed at 
10,000 as above, it suggests a very simple arithmetical rule 
for finding the thickness for any given pressure, as follows : — 

Rule 2. — Multiply the diameter of the boiler, in inches, by 
the given working pressure in lbs. per square inch ; then the 
4 right-hand iigures of the product will represent the proper 
thickness of the boiler plate in decimals of an inch. 
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la die last example we have — 

Diameter of boikr . . . 108 indues. 
Pressure per square inch • 35 lbs, 

540 
324 



The required thickness = 0*3780 inches. 



The converse of this operation is also useful ; that is, when 
the thickness of the plate is given in decimals of an inch, add 
to it 4 ciphers, and divide by the pressure for the diameter, 
or by the diameter for the pressure, as follows : — 
The given thickness, ■§• = "375 inch. 

f 9)3750*000 with 4 ciphers added. 

Diameter, 108<{ 

[12)416-666 



34*72 lbs. pressure. 



Section 32.— Fairbairn's Patent Double-Flued and 
double-furnaced boiler. 

The 9- feet cylindrical boiler, in example 4, is an actual case 
in practice of a 60-horse boiler, which I designed for driving 
one of Boulton and Watt's 60-horse engines at the Hope 
Mills in Manchester, belonging to Messrs. George Clarke and 
Co., in the year 1844, and which was executed by Mr. Fair- 
hairn, and put to work the following year with very great 
success, together with another boiler of the same kind of still 
greater proportions, namely, 10 feet diameter and 24 feet 
long, which has been already alluded to (Section 30, p. 96) as 
having been tested to nearly 100 lb. per square inch pressure. 
Either of these boilers are able to work the engine up to its 
full nominal power with very easy hand firing, and, whe^ 
both boilers are working together, still more economically, 
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which they have generally done regularly, the engine being 
Loaded up to about 145 gross indicated horse power, and using 
not more than 6 lbs. of very inferior coal per indicated horse 
power per hour. 

Having had the advising and designing the proportions of 
these boilers, I need not say they would have been preferred 
longer with the same diameter, but it was compulsory to 
place them in a very circumscribed space of ground in a corner 
of the factory yard, and much against the opinion of Mr. 
Fairbairn himself, who had just patented these boilers and 
who did not then approve of a greater diameter than 6 or 7 
feet, and recommended a much greater length. As very many 
of these double^flued boilers are now in use in Lancashire as 
well as other parts of the kingdom, I make no apology for 

Fig. 12. 




giving the drawings (figs. 12 and 13), showing a general plan 

Fig. 13. 




. or horizontal section of the boiler and flues, as well as a trans- 
verse section of the same. 
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The particulars of the 9 -feet hotter are as follow : — The 
cylindrical part of the shell, as well as the flat ends of the 
hotter are made of f-inch iron ; it is 9 feet in diameter by 20 
feet long, and contains two flue tubes, each 3 feet 4 inches 
diameter, hut rather deeper at the front ends, which contain 
the two furnaces. The flues pass through the water space the 
whole length of the boiler, and are made of plates ^ thick, or 
•Jg- thicker than the shell, except the tops of the furnaces, 
which are of Low moor iron, and only f thick. There is suffi- 
cient space between the flues, which are 13 inches apart, for a 
man to get through. The flat ends are braced together as 
usual, and also have four additional oblique stays at each end, 
radiating to different points of the upper half of the boiler ; 
these, together with the two flues in the lower half, pretty 
well equalise the internal strain on the different parts of the 
boiler. It was intended to work at about 15 or 16 lbs. per 
square inch, therefore it was proved at 30 lbs., that being 
about £rd of its maximum strength, which it stood without 
any deflexion, and which is only about 1-1 Oth of the ultimate 
or bursting strength of the boiler. 

Although, as appears by example 4, this was called a 62- 
horse boiler, it only contained 54 square yards of effective 
heating surface ; and it was found to work the most economi- " 
cally at about 50 nominal horse power, that is, evaporating 
about 50 cubic feet of water per hour ; the evaporation then 
being at the rate of about 8 lbs. water to one of coal, the coal 
being one half "Burgey" at about 6s. per ton. 

The above described boilers were the first that were made 
of that large size, after Mr. Fairbairn took out a patent for 
them ; and, as their introduction formed a very important era 
in the history of working factory engines to a greater extent 
expansively than previously had been usual, I was at some 
pains to investigate all the facts relating to them. It may be 
observed that it was only as to the external dimensions, the 
heating surface, and capacity to ensure their efficiency and 
economy in fuel, that I am accountable for, in these boilers - % 
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the thickness of the plates, mode of staying, and consequent 
strength, being entirely left to the responsibility of the 
maker, who is so well known as an authority in such matters ; 
my only care in this respect being that, as they were in- 
tended to work under 20 lbs., that pressure should not be 
exceeded, by causing the feed water to be supplied by the 
ordinary open stand pipe of about 50 feet high, so that the 
population of the factory, under a portion of which the boilers 
were placed, should not be dependent on the safety of the 
" safety valve " alone. 

A more particular description of this kind of boiler is given 
by Mr. Fairbairn himself, in the British Association Reports 
of 1844, in which its smoke-consuming qualities are spoken of, 
respecting which it need only be stated, that in this particular 
case, as in all other cases, with a good fireman, and a good 
draft capable of burning up the whole of the coal with little or 
no stoking, there is little or no smoke. But although, from 
the shortness of the boiler, in proportion to its diameter, so 
completely opposed to the Cornish system, it was predicted as 
usual that " all the heat would go up the chimney'' its general 
economy was all that could be wished. And the earliest 
opportunity was taken of comparing its economy with that of 
another boiler of the same kind, of the same diameter and 
same size of flues, but of 28 instead of 20 feet long, for which 
I was requested to make designs for setting up, at another 
cotton factory in the same neighbourhood. This boiler was 
made by Messrs. John Petrie and Co., of Rochdale, the same 
year, and set up to work one of their 40-horse patent expan- 
sion engines, at Messrs. Hugh, Shaw and Co's. ; and, when 
using coal of a similar quality to the former, was found to 
have as nearly as could be ascertained the same proportion of 
evaporative economy, the economy of working with a variable 
amount of expansion at this particular engine being the 
subject of a series of careful experiments, which were published 
at the time, April, 1846. The facts, however, in relation to 
the economy of the boiler, which is all that now concerns us, 

f 5 
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were sufficient to show that nothing is to be obtained by 
making a boiler of this kind longer than about 3 times its 
diameter, which agrees with the general rules on the subject 
laid down in the last chapter. (Sect. 27.) 

Notwithstanding the only conclusive proof in all matters 
physical, namely, experiment, is without exception in favour 
of the general doctrine I have endeavoured to inculcate in. 
respect to the length of boilers, and therefore all mere opndon 
may be safely repudiated, I will venture to state one practical 
man's authority on this subject, whose opinion that the current 
notions of danger of explosion by having boilers of large dia- 
meter, or of loss of fuel by want of great length, are mere 
prejudices, will not be disputed, when I mention the name o£ 
my friend, Mr. William Elsworth, C.E., of Preston ; that 
gentleman having erected some boilers of this construction the 
same year, at the splendid cotton works of Messrs. Horrockses, 
Miller and Co., of 24 feet 6 inches in length, and not less 
than 10 feet 10 inches diameter, he agreeing with me thart 
danger of explosion is more to be dreaded from bad materials, 
bad workmanship, and small boilers, which a man cannot get 
properly into, either to make or to clean, and keep in repair, 
than all other causes put together. 

Boilers of 10 feet to 12 feet in diameter, made of the best 
Low moor iron -f thick, with the ends £ inch, and braced with 
three or four longitudinal stays of 2 inches square, may be 
quite safely worked up to 30 lbs. per square inch pressure, 
with a certainty that no part of the shell of the boiler at least 
is exposed to so much as £rd of the strain the iron is capable 
of bearing without injury. 

Section 33. — Strength and Form op Internal Fltte 
Tubes. 

The weakest part of a boiler constructed on Mr. Fairbairn's 
principle, is undoubtedly the internal furnace or flue tube, 
wlpch is notoriously liable to suffer from collapse, if made of 



ON STEAM BOILERS. 107 

thinner iron than the shelL It is undoubtedly true that the 
same mathematical law of the stress applies, as shown by both 
Emerson and Tredgoid, to the external pressure on the flue 
tube as to the internal pressure against the shelly or that if 
■j- inch thick is sufficient for a 6-foot shell, £ inch is enough 
for a 3-foot flue to sustain the same pressure, so long as the 
latter retains its true circular figure. Unfortunately, however, 
this is an impossible condition in a wrought-iron boiler, for the 
flue cannot be said to retain a figure which it cannot be made 
with at first, therefore it has been endeavoured to be met, as 
such difficulties too commonly are, by practical men, with a 
compromise between safety and danger — that is, making the 
thickness of the flue plates intermediate between that which 
is theoretically correct and that which their habits only have 
taught them to be practically wrong ; or in the above assumed 
case between £ and £ inch, namely, fths. We thus find this 
to be a kind of universal thickness for nearly all flue tubes, 
whatever may be the pressure they have to sustain. 

If it were not the fact that extensive los3 of life is continually 
taking place from explosions, by far the greater number of 
which are known to commence, at least, from a collapse or 
giving way of the flue tube, this question might remain until 
the experience of each particular boiler maker settled the point 
to suit his own convenience ; but as it is, it is pre-eminently 
one of those questions that ought to be taken out of the hands 
of mere practical men so called, who are too often themselves 
but a compromise between good workmen and bad mathema- 
ticians, and settled by law, which ought to enforce the neces- 
sity of having all such structures " stronger than strong 
enough/' Taking this view of the case, I have never seen 
any valid objections to making the inside flue of even thicker 
iron than the outside shell ; — at any rate, when a flue exceeds 
3 feet in diameter the plates ought not to be less than -^ inch 
thick, however low the pressure of the steam may be. 

In flue tubes greater than 3 feet in diameter for high- 
pressure boilers, of course the proper thickness soon op- 
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proaches the limits of good workmanship, and when that is 
reached, any system of bracing for supporting a flue should he 
resorted to with very great caution. Although we hare many 
highly ingenious examples of bracing and staying in the low- 
pressure boilers of some of the American steam boats, after 
carefully examining several of them I have come to the con- 
clusion that they ought not to be depended on to the exclusion 
of other considerations even for low pressure, and much less 
for high. Indeed, if very high pressure is ever to be jus- 
tified in steam navigation at all, it would be better to return 
to Oliver Evans* and "Woolfs systems of small water- tube 
boilers, than any further complication of Stephenson's loco- 
motive tubular-flued boiler, which the present marine " tubular 
boiler " is in fact. 

The safe principle of Oliver Evans' boilers, which is that of 
never allowing the pressure to be exerted except within 
cylinders of comparatively small diameter, appears to have 
been carried out in a very scientific manner by Dr. Alban, a 
practical steam-engine maker at Plau in Saxony. He has 
published the results of his experience in a work called " The 
High-pressure Steam-Engine Investigated,"* which are ex- 
ceedingly important and interesting to all those who would 
concern themselves with steam of 200 or 300 lbs. pressure. 
And to those who have serious intentions of promoting aerial 
navigation by sfeam, I would say this is the direction in which 
you must look. It is perhaps not too much to say that Dr. 
Alban has constructed engines of great simplicity, and of 
greater power in the same space, and of less weight, consistent 
with durability, than any preceding engineer. 

The best way of strengthening the large internal furnace 
flues of boilers is by rivetting on them a series pf ribs of 
angle or Tee-iron at short distances apart, similar to the iron 
ribs used for the tops of locomotive fire boxes. This plan is 
the invention I believe of Mr. Joshua Milne, of Shaw, near 
Oldham, who has had greater experience than any other manu- 
* A translation of this work into English is published by Mr. Weale. 
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facturer, in adapting ,the high-pressure expansion engine to 
cotton spinning. Safety to the hands employed being the 
chief requisite in using high-pressure steam for factory pur- 
poses, Mr. Milne's plan cannot be too widely known, for it 
may be easily carried out to such an extent as to make the 
collapse of a flue almost inconceivable. 

Section 34. — Marine Boilers. 

That part of the flue tube beyond the furnace admits 
of another mode of strengthening which is likely to be pre- 
ferred by the very large class who, while studying safety, 
, do not forget economy. The principle of the plan I refer to 
is that of using vertical prop stays in the flue in the form 
of tubes, through which the water of the boiler circulates, and 
against which the flame acts in its passage through the 
flue. 

The above principle has been acted on for many years to 
a greater or less extent in this country, but recently more 
generally by the Americans in some of their large Atlantic 
steam boats. Those boilers on this principle which have been 
tried for steam navigation in this country have been very 
efficacious in generating steam, but remarkably addicted to 
priming, as in fact good boilers generally are, and on that 
account never came much into use. They contain, however, 
many of the elements of a good boiler for marine purposes, 
and only require the vertical water tubes to be shortened and 
tapered, so as to give free egress for the steam without undue 
or too rapid a circulation of the water, to prevent a good deal 
of the priming, even with the water of the muddy Humber, 
where they have been mostly' in use; that river being, par 
excellence, adapted for priming, or "fermenting" as is the 
expressive term there applied. This is the universal malady 
of steam-boat boilers when leaving the clear water of the ocean 
and coming within the vicinity of dirty fresh water, which is 
at such times so conspicuously detrimental to the working of 
the engine, and everything relating to it. 
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To say what is necessary, if we go into the subject of 
marine boilers at all, would very far exceed the present in- 
tended limits of this volume ; their forms are so numerous 
and diversified, that to give an adequate description of only a 
few would be to do great injustice to many perhaps equally 
as deserving. Suffice it to say that the present position of 
marine boilers is one of transition, and they may be said to 
be in their second transition state. The old large-flued 
marine boilers, it is well known, were nothing more than land 
boilers placed in difficult circumstances, that is, on board 
ship, surrounded with water spaces instead of brickwork. 
That was their first stage ; but marine engine makers still t 
adhered most inveterately to the then prevailing prejudice 
of the scientific engineers of the day, the Cornish doctrine of 
long lumbering interminable flues — until some of them had 
the courage to break through the established routine by 
adopting the locomotive tubular-flue boiler of Stephenson, 
since called the tubular boiler, which designation properly 
belongs to the small water-tube boilers only. This second 
stage of improvement was effected by turning the tubes over 
the fire box or furnaces ; hence they are called " turn over " 
boilers, which very great improvement I believe Mr. Seaward 
of London has the merit of effecting. Although this adap- 
tation of the locomotive construction enabled the engines to 
be worked at higher pressure and greater expansion with a 
smaller boiler, there are many inconveniences in respect to 
their want of durability, from various causes which railway 
boilers are not exposed to, which render it very desirable that 
further original improvements' should be made before much 
greater speed can be expected in steam boats. It is not 
difficult to predict that any farther mere imitations of the 
locomotive construction, respecting which our marine engi- 
neers are all at sea again, will be ineffectual in preventing 
our American brethren going ahead of us, and which some 
of their late achievements in this line give great indica- 
tions of their doing. At any rate if the Americans have 
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not already arrived at the best form of marine boiler, it is yet 
to be invented. 



Section 35. — Galloway's Patent Double-Furnaced 
Tubular Boiler. 

"Whatever turn marine engineering may take in the next 
few years, safety from explosions must always be a para- 
mount consideration in these days of cheap travelling, which 
is my main reason for mentioning the subject of the last 
section. I shall therefore take this opportunity of referring 
marine boiler makers to a combination of the tubular and flue 
construction, recently brouglit a good deal into use as a land 
boiler; by Messi*. W. and J. Galloway, of Manchester, the 
principle of winch way be easily adopted in steam boats. 

It is not only the strongest form of boiler for its dimensions 
that bis yet been made, but it is believed to be the most 
economical for its weight as a generator of steam. 

The following figures, 14 and 15, represent a longitudinal 

Fig. 14. 




and a transverse section of this boiler, showing the mode id 
which the main fire flue is supported and strengthened by a 
series of short vertical water tubes, which are made slightly 
conical, or about 2 inches wider at the top than the bottom, 
and amongst which the flame is allowed to play in its passage 
through the flue, the tabes being placed zigzag fashion, as seen 
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Fig. 15. 



in the horizontal section, fig. 1 6, giving great facility for this 
purpose. This particular arrangement of short water tubes, 
to cause them to act as prop stays of the strongest possible 
form, and in the best position for resisting any collapse of the 
fire flue, is the most valuable feature in Messrs. Galloway's 
invention as regards safety. In 
respect to the absorption of heat 
from the flame, the disposition of 
these tubes is also remarkably fa- 
vourable ; for, — avoiding the diffi- 
culty of causing the flame to make 
its way through a crowded box full 
of comparatively small tubes on 
the one hand, — the tendency of 
the flame to divide itself into two 
currents, which a single row of 
tubes sheltering each other would promote, is also prevented 
on the other. This arrangement also assists in causing the 




Fig. 16. 




flame to wrap and envelope the tubes, so as to render a greater 
proportion of their surface effective. Hence this kind of 
boiler is pre-eminently distinguished for its great economy with 
flaming fuel. 

Apart from the subject of the strength of boilers, we cannot 
help remarking on the utter disregard engineers generally 
have paid to the distinctive characters required in boilers 
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adapted to flaming or non-flaming fuels. The locomotive 
boiler, for instance, is especially adapted for coke or other 
fuel, with little or no flame, nor was it ever meant to be 
otherwise. Its great author, one of the inventors of the 
safety lamp, could not be ignorant of the fact that flame would 
not enter far into narrow tubes ; neither was he, for in one 
of the last interviews I had with him, which was on the sub- 
ject of the present work, he fully agreed with me on the 
propriety of considering the locomotive boiler, so far as the 
small tubes are concerned, to be merely an apparatus for 
heating with hot air, and not at all adapted for the use of 
Newcastle coal. The only object to be obtained in passing 
the products of combustion through an immense number of 
very small tubes, is to drain out, as it were, the last dregs 
of the caloric, as Mr. Stephenson expressed it, after the 
great bulk of the steam is obtained from the action of the 
flame in the fire box, on which his chief reliance was placed. 
Yet, in defiance of this important practical distinction, we 
have seen English engineers pushing the small tubular-flue 
principle in marine boilers to the uttermost, for burning 
bituminous coal ; while, on the other hand, we have heard of 
American and other engineers using the anthracitic and other 
non-bituminous varieties of fuel to the simple boilers of Oliver 
Evans and Trevithick, so much better suited to bituminous 
fuel or to wood. 

Besides the arrangement and position of the water tubes 
in this boiler being well calculated for strengthening the flue 
and for intercepting the flame, there is another advantage 
not less important, as it equally affects both their durability 
and their efficiency in taking up or absorbing the heat from 
the passing flame, and that is the conical form of the tubes. 
I have already referred to the difficulty always experienced 
in causing the heat to pass laterally through the vertical sides 
of boilers with sufficient rapidity for generating steam, and 
which in fact is so great as to justify us in considering the 
effectiveness of a perfectly vertical surface to be only about 
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one-half that of an equal area of surface inclined even at 
a very small angle towards the horizontal ; the reason being 
the intervention of the rising bubbles of steam, preventing 
the necessary contact of the water at the upper portion, of the 
surface; such vertical position of the heating surface also 
causing the metal to become over-heated, just in the same 
proportion as it is prevented communicating that heat to the 
water. This difficulty in the lateral communication of heat 
is obviated by the enlarged surface of the upper ends of the 
tabes in a certain measure inclining over the flame. The cur- 
rent of name is also, by the same means, confined principally 
to the lower part of the flue without the intervention of hang- 
ing bridges, which are always necessary with perfectly vertical 
surfaces or tubes of a uniform diameter. 

I formerly took occasion to call the attention of boiler 
makers to the evident advantage to be derived from causing 
the heating surface thus to overkmp the source of heat, more 
particularly as respects the sides of the furnaces of marine 
boilers and fire-box boilers generally. And I have since had 
the satisfaction of finding my advice acted on with considerable 
success, both in land and marine boilers. Although this 
boiler of Mr. Galloway's is the first in which the principle 
has been applied to vertical tubes, it has given some oppor- 
tunities of proving in practice that the application is still 
more efficacious in tubular than had been previously found in 
flat surface. 

Section 36. — Boilers at the Gutta-Percha Works. 

As a recent application of those boilers in London, and on 
the principle that example is better than precept, I have the 
kind permission of the proprietors of the Gutta Percha Works, 
in the City Road, for stating that on their consulting me on 
the propriety of repairing or reconstructing several of their 
boilers, I did not hesitate to take the responsibility of strongly 
recommending the erection of a new ' 50-horse boiler, on 
Messrs. Galloway's plan, which recommendation was adoptid, 
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and with such success in respect to economy in fuel as to 
induce the Company since to erect another boiler of the same 
construction and dimensions. This last boiler is represented 
by the above figures, 14, 15, and 16 (pp. 1 11, 112). To the de- 
scription there given it is necessary to add that the great repu- 
tation these boilers have already acquired in Manchester and 
other places, on account of their being good " smoke burners," 
and where very strict enactments on the subject have made it 
compulsory, is one reason for their now being adopted by some 
of the large brewers and others in London ; and the plan by 
which this desirable object is accomplished is most decidedly 
the simplest, and is on that account perhaps the best, that has 
yet been tried. It is simply by firing each of the two furnaces 
alternately, and allowing a certain time to interlapse between 
each firing proportioned to the quantity of coal laid on. Thus 
the fire from one furnace consumes the smoke of the other 
without the necessity of admitting air through any other than 
the ordinary openings between the bars, and without any extra 
trouble or attention of the fireman, he not having to attend to 
the opening and shutting of valves, nor to any machinery 
whatever. 

Treating now of the strength of boilers, I may state that 
great strength is attained by this plan of double furnaces, 
while the effective surface exposed to the radiant heat of the 
fire is by the same means increased. The furnace grates are 
each 7 feet 4 inches long, by 2 feet 6 inches wide, making 37 
square feet area, or at the rate of J square feet of grate per 
horse for the 50-horse boiler. They each contain two sets of 
fire bars, the front set being 1 inch, and the back set 1^ inch 
thick, the draft spaces being finch wide in both. The furnace 
tubes are oval, being 2 feet 9 inches deep, by 2 feet 6 inches 
wide, but they are stronger than if they were circular, on ac- 
count of the grate bearers acting as prop stays. The furnace 
plates are of Low moor iron f thick. The fine and shell are 
of the same thickness, and the ends \ inch. The working 
pressure is from 30 to 40 lbs. per square inch, the meaa of 
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which gives a strain of 4000 lbs. per square inch on the 
sectional area of the iron. The ends of the boiler are 
strengthened by wrought-iron double ribs, which are rivetted 
upon them, reaching from side to side, and to which the 
wrought-iron stays are attached that extend the whole length 
of the boiler and brace the two ends to each other. The total 
length of the boiler is 30 feet 3 inches. The greatest diameter 
of the main flue is about 4-j- feet, and it contains thirteen of 
the conical water tubes, each being 1 1 inches inside diameter 
at the top, and $ at the bottom. The total effective heating 
surface of the boiler, measured by the. rules already given, is 
rather more than a square yard per horse power, calling it 
50-horse. The makers call the boiler 55-horse, which, with 
an adequate area of fire grate, it is quite equal to. In order, 
however, to make it a perfectly smokeless boiler with New- 
castle coal, it is better to work it within its maximum power, 
the rate of combustion being not more than 10 lbs. per square 
foot of grate per hour. At this rate it is capable of driving 
an ordinary 30-horse non- condensing engine, loaded with 
machinery to indicate on the average 504iorse power gross, 
that is, including the friction of the engine itself, besides sup- 
plying at least 10-horse power of steam for other purposes. 
With this load on the engine the evaporation is very accurately 
1 cubic foot per minute, and the consumption of coal, not of 
the best quality, called East Adairs Main, is at the rate of 
3 cwts., or 336 lbs. per hour; this is the ordinary net con- 
sumption, that is, exclusive of what is required for first getting 
up steam. This gives an .evaporative economy of between 1 1 
and 12 lbs. of water for each lb. of coal consumed ; a degree of 
economy, I believe, that has been rarely, if ever, before ob- 
tained. It ought to be stated that the boiler is well clothed 
with a non-conducting covering of sawdust and brickwork, 
and surmounted by a horizontal steam dome (also felted), 
12-J- feet long by 3£ in diameter, so that no error can have 
place in the above data from priming, and the quantity of 
water evaporated was ascertained by stopping off the feed and 
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measuring the depth which the surface of the water fell per 
hour in the glass-tube water gauge on the front of the boiler. 



CHAPTER VI. 

On Explosions, Deposit of Sediment, and Incrustations. 

Section 37. — Explosions from Collapse "of Flue. 

There are only two ways in which a boiler can be caused to 
burst or explode by the power of steam. One is by a gradual 
increase of pressure produced in the usual way, but at a time 
when all egress is prevented, until the steam acquires sufficient 
strength to rupture the material of which the boiler is made ; 
the other is by some sudden increase in the quantity or pres- 
sure to such an extent, or with such rapidity, that the ordinary 
safety valves, or perhaps any other means of outlet that might 
be devised for the purpose, are unable to carry the steam off 
in time to prevent any, although but momentary, sfttfta greater 
than the boiler can bear. I have long been of opinion that it 
is in the consideration of the last-mentioned class of causes 
that we ought to look for the proper remedy against the 
frequency of steam-boiler explosions. 

The method of giving to boilers sufficient strength of 
material to resist any given pressure within certain limits was 
the subject of the last chapter, and disposes of that part of 
the question relating to the strength of the boiler while it re- 
tains its proper form ; so that I shall now only refer to the 
facts of some explosions in order to elucidate the causes of 
change of form taking place. 

There is a very erroneous, although prevailing opinion, that 
the Cornish or Trevithick boiler, by having the fire place 
within its internal tube, is safer than any other kind, which 
opinion cannot be too soon dispelled ; for it is an admitted 
fact, by all who have considered the subject, and however they 
may differ as to the precise theory of its action, that the water 
accidentally getting too low is a frequent cause of explosion ; 
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and if so, k most be evident that this ea*se must operate 
much more frequently to produce that effeet when, as in the 
Cornish boiler, the depth of the water over the hottest part of 
the heating surface is oiriy a few inches, than when the depth 
is as many feet. 

The force of the steam and water escaping during an explo- 
sion of a Cornish boiler is also immensely increased by reason 
of its being generally expended in one direction, that is, through 
the Are place in the mouth of the tube, the latter being thus 
converted into an immense piece of ordnance, from which the 
grate bars, fire bricks, and other materials of the furnace, are 
projected with destructive effect on everything within their 
range. Probably also the steam, as it rushes out, is reinforced 
by contact with the heated fuel in the furnace.* 

Boiler explosions of this kind generally arise from * collapse 
of the internal fine, and it frequently happens that some of the 
most violent and fatal ones have occurred without the circular 
part pf <fe#shell of the boiler itself being in the least disturbed 
or removed from its plaee. Such were the two ratal explosions 
that occurred in the Thames on board the Victoria, Hull 
steam ship, in March and June, 1838, the long investigations 
respecting which are well known. 

An explosion of a nearly similar kind to those in the Victoria 
steamer, both as to cause and fetal consequences, also, took 
place in September of the same year, with a Cornish boiler, in 
a foundry at Newton in Lancashire, although, from its belong- 
ing to a high-pressure engine, the force of the explosion was 
much greater. Several tons in weight of cast iron and other 
articles were removed by it, and a clear breach was made by 
them of ten yards wide through the yard of the foundry, whilst 
everything in the direction of the mouth of the flue tube, for 
sixty or seventy yards in a direct line, and several yards wide, 

* There are other circumstances which have been observed in the 
bursting of a boiler of this kind, which bear some analogy to the discharge 
of a large cannon or mortar ; such, for instance, is the soun'd or report 
pwdnced, which is not so great with boilers that have no internal floe. 
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was swept away with terrific violence, including ten or elevea 
of the workmen, nine of whom were killed. The bricks <*f 
which the fire bridge had been formed within the tube, were 
projected like shot from a gun to twice the above distance, and 
were the principal cause of the loss of life. 

The above instance, in which the report was described as 
like a loud clap of thunder, is adduced as an illustration of the 
peculiar violence incidental to an explosion of this particular 
kind of boiler, owing to the steam being reinforced, as it were, 
within the furnace tube, and then being all expended in one 
direction. 

I had occasion to witness the melancholy effects of this 
accident, and took some pains to form a mature opinion as to 
its cause on a careful investigation of the facts, which were 
published at the time. I also soon after, namely in 1839, 
published and strongly recommended the only means that has 
yet been proposed for avoiding the faulty construction which 
led to the disaster, in this instance, by a collapse of the flue 
tube. 

The peculiar fault of this boiler, and the proximate cause of 
its bursting, was that the tube was ovcd in section, ^although 
the boiler itself was circular, a fault which, for many reasons, 
is likely to be more productive of explosions than formerly, 
and is therefore deserving the particular consideration of the 
ttsers and makers of small high-pressure boilers. 

Now the main object in making an inside flue oval, and 
placing it with its shortest diameter vertical, is no doubt for 
the purpose of obtaining a greater depth of water over the 
flue without diminishing the heating surface or the amount of 
steam room ; but by thus endeavouring to avoid the chance of 
accident from a deficiency of water, we run into the contrary 
extreme and risk an explosion by making the flue of a weak 
form. A very slight departure from the true circular form 
not only causes the flue to be much weaker, but the pressure 
has a constant tendency still farther to alter the form of the 
curve, thereby becoming weaker with every strain until a 



120 



RUDIMENTARY TREATISE 



collapse of the flue takes place. The top and bottom of the 
flue are thus sometimes crushed flat together, or nearly so ; 
and the rupture producing explosion consequently usually 
takes place in the flue itself, through which the steam and 
hot water are discharged in the manner already stated. 



Kg. 17. 




The boiler, of which the explosion has just been described, 
is represented in fig. 17. It was 12£ feet long by 4 J diameter. 
The flue tube was 3 feet wide by 2\ deep. The brick fire 
bridge was at about one- third the length of the flue, and the top 
and bottom of the flue were crushed together at about mid- 
way between the farther end of the boiler and the bridge; 
the latter no doubt, interposing as a momentary support to the 
top of the flue at the instant of the plates coming down, de- 
termined the place of the collapse, as marked by the dotted 
lines, which show the exact form which the collapsed flue 
assumed by the force of the explosiqn. 

This boiler was quite new, the explosion having taken place 
the first morning it was set to work, and within one minute 
after starting the engine. The plates were f inch thick and, 
saving the form of the flue tube, the boiler was remarkably 
well made as well as all the apparatus belonging to it. It had 
two safety valves, two gauge cocks, and a glass water gauge. 
The foreman of the works, who had the superintendence of 
erecting both the boiler and the engine — which was also new 
and of 8-horse power — was present, and managing them him- 
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self when the explosion took place, he being also one of the 
unfortunate sufferers. 

The coroner's jury returned a verdict of accidental death 
occasioned by the insufficiency of water in the boiler, in con- 
currence with the opinions of several most respectable en- 
gineers, but with the addition of some of them ascribing the 
explosion to the sudden formation of hydrogen gas, by the in- 
jection of cold water upon the supposed red-hot flue, of which 
there was no evidence, when the engine started. Which last 
opinion is far from being a singular one in many similar cases 
of explosion that have occurred with high-pressure boilers ; but 
is I think a very erroneous one, not to say fatally so, in many 
instances. For by thus assuming a theory which, to say the 
most for it, is, according to our ordinary knowledge of the 
laws of chemistry, exceedingly improbable, a check is placed 
upon any further investigation, while the real errors of con- 
struction are perhaps kept out of view or repeated in other 
cases. The great fault in the construction in this case was 
evidently too icide, and therefore too weak, a flue in order to 
admit a large fire place in too small a boiler, which naturally 
led to the error of making the flue oval. The best preventive 
of this in the first instance would have been either a larger 
boiler or a separate steam chamber, as shown in figs. 14 and 
15 (pp. Ill ,112), without resorting to any flattening of the flue. 

Now, if instead of the flue the boiler itself had been oval, 
with its longest diameter vertical, and the fine circular, the 
same means of obtaining a greater depth of water over the 
flue would have been afforded, but with much greater safety 
from explosion by collapse of the flue. Although an ellip- 
tical or oval shape is slightly weaker for a boiler than a cir- 
cle of -a mean diameter, still, from the pressure being exerted 
inside the curve, any extra strain or pressure that the boiler 
may be exposed to will only have a tendency to alter the 
curve into a stronger form than it was before, by approaching 
more nearly to the circle. Thus, leaving out of consideration 
deterioration from wear and leakages, it may truly be said of 

6 
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an oval or egg-shaped boiler that the longer it is worked the 
stronger it mill become. On the other hand, when the pres- 
sure is external to the curve, as is the case with the flue tube, 
the effect is exactly the reverse of the above, the strain having 
a constant tendency to put the carved surface into a weaker 
position, and it must inevitably become weaker and weaker 
with every undue strain it is exposed to. 

Consequent on the above considerations, it ought to be a 
rule in the making of high-pressure boilers, that the inside 
flues, besides being circular, should have their plates quite as 
thick, if not thicker, than the external shell. The boilers 
themselves may be to a considerable extent elliptical, and 
will be, for all practicable purposes, as strong, as if they were 
circular. They have even been made as much as 8 feet diam- 
eter by 9 feet deep, without materially diminishing their ulti- 
mate strength; although for very high pressure, say above 
30lbs. per square inch, I think the circular form should not 
be departed from when of so large a diameter. 

Section 38. — Collapse oe Flue in a Low-Pressure 
Fire-Box Boiler. 

The better to illustrate all the causes and consequences of 
collapse of flue tubes, as well as explosions generally, I give 
the particular drawings in the frontispiece, which are correct 
representations of a boiler that I examined minutely imme- 
diately after its explosion, which occurred in Manchester a 
few years ago, being also well acquainted with all the circum- 
stances connected with the boiler previous to its explosion ; 
and I select this case because, although fatal to the fireman, 
and having many points of great resemblance to the high- 
pressure explosion at Newton, it is an example of as idsy an 
explosion, so to speak, as can well be produced, even by low- 
pressure steam. The steam in this case we are quite certain 
could not have exceeded 15 lbs. per square inch; in this 
respect, as in the immediate effect produced, being strongly 
contrasted with the Newton explosion. This fact is one of 
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some importance for the consideration of those engineers who 
are continually reasserting their belief in the dangerous fallacy 
that high pressure is as safe as low, and who do not hesitate 
to take the responsibility of recommending high-pressure 
engines in factories, — where in some very rare cases and 
circumstances they may he necessary, — as well as in steam 
vessels, where they never can be necessary or justifiable at all. 

This boiler, which was on what is known as the fire-box 
construction, was, as respects materials and workmanship, 
remarkably well made and judiciously stayed, and will serve 
to illustrate that class of boilers. 

The fire-box boiler is an offshoot from the locomotive, 
adapted to stationary purposes, as the Butterly boiler, which 
it closely resembles, is an offshoot from the Cornish, adapted 
for factory use,* the only variation in this instance being an 
adaptation of the furnace for consuming smoke by an arrange- 
ment which is not quite innocent perhaps of having a tendency 
to promote accidents of this kind, — a tendency which there is 
no denying that almost any plan of smoke consuming by a 
more intense heat or more perfect combustion must have 
per se. The particular arrangement for the purpose in this 
case, which has been frequently patented, is the interposition 
of a " hanging" or inverted water bridge at the back part of 
the grate room, descending within a few inches of the burning 
fuel, close to which the smoke from the newly laid on coal is 
compelled to pass, and thus become inflamed before passing 
into the mouth of the flue tube. Now it is not in this descend- 
ing water bridge, provided it is kept clean, that any injury is 
generally done by this plan of smoke burning, as some sup- 
pose, but in the vertical plate at the back of the furnace, to 
which the mouth of the flue tube is rivetted, on account of the 

* For a further genealogy of the fire-box boiler, and its variations under 
the name of the Liverpool patent construction, in 1832-3, afterwards suc- 
cessfully naturalized as a river steam-boat boiler in America, see my paper 
on the " Locomotive Engine Boiler," in vol. i. i)f Weale's new edition of 
Tredgold on the Steam Engine. 
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intense combustion created by the rapid draught of air that 
always rushes through the back of the grate. Consequently 
it was only this vertical plate, and became it was vertical, that 
showed any symptoms of injury from being over-heated, this 
overheating arising, as it must always do in all similar cases, 
from the difficulty the steam has in freeing itself from vertical 
surfaces, except by keeping the water out of contact with the 
plate. 

The descending water bridge of this boiler is shown at c, 
fig. 2 of the frontispiece, which is a longitudinal section of the 
boiler, and in plan in fig. 3, which is a horizontal section ; both 
figures showing by dotted lines the form of the flue tube in its 
collapsed state, but better seen in the transverse section, ^ 
1, taken through the back of the furnace at b in fig. 2, which 
shows the fracture of the mouth of the tube where it was torn 
away from the angle iron that connected the tube to the front 
plate, and making the large aperture of 3 feet wide, through 
which the contents of the boiler rushed out. Fig. 4 is another 
transverse section of the boiler through a, showing a back ele- 
vation of the brickwork and flues as viewed from the rear. 

The above figures are all to a scale of £ inch to a foot. The 
boiler was 23 feet long and 7 i diameter outside ; the flue tube 
was 16f feet long by 3 feet wide, anafc iSSaeep at the back 
end, and of rather less depth, by WH&i£lvide, forming a 
very flat oval at the "mouth, where evidently the collapse of 
the flue first commenced, and where its connection with the 
back plate of the furnace might have been slightly weakened 
by the continued action of the flame, although the iron was not 
discoloured, neither was the lead plug melted, which was 
within a few inches of the place, as shown at the crown of the 
arch, fig. 1, and directly under b, fig. 2. 

The thickness of the plates was f inch throughout both the 
shell and the tube, and the vertical back plate was -fa inch. 
All the flat parts were well supported by stays, as shown in 
the figures. The " water legs" of the boiler, as seen in cross 
section, were 1 2 inches wide, and supported by 6 " thimble 
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stays" in each leg, of 1^ inch round iron, with 3 of the same 
kind through the water space at the back of what ought, in all 
such cases to be a brick fire bridge. The ordinary working 
pressure was under 8 lbs. per square inch, at which the safety 
valve was adjusted to blow off, and the steam could not by 
any possibility reach to double that pressure before it boiled 
over at the feed head. 

The total effective heating surface of the boiler and tube 

was about 44 square yards, and the area of the fire grate 34 

square feet. It had a 4 good draught, and in conjunction with 

another boiler of the same kind and dimensions, was quite 

equal to work a Boulton and Watt 5 3 -horse engine up to 114 

indicated horse power gross, with great economy. This they 

had continued to do for about two years after they were made* 

when the explosion took place. It occurred just after the 

engine started in the morning, and had taken about 20 turns. 

The effect of the explosion was to turn the boiler completely 

over longitudinally and laying it upon its back, without being 

entirely lifted from the ground. This movement was effected 

by the force of the issuing current of steam and water being 

deflected at right angles downwards by striking against the 

water bridge, thence driving out the fire bars against the 

bottom of the ash pit, and by reaction raising up the fire-box 

end of the boiler, which thus described a semicircle in the 

plane of the boiler's length, as already stated. 

It may be useful to remark, in reference to the quiet way in 
which the boiler was turned over on its back, the contrast it 
affords to the high-pressure explosion at Newton ; and in this 
respect it is still more strongly contrasted with two explosions 
of boilers of high-pressure engines, which also occurred near 
Manchester a few months afterwards, that is, early in the 
following year (1845). One' of these was that of a locomotive 
at the Manchester and Leeds railway station, whilst getting up 
steam, by a collapse of the fire-box, the roof of which was 
crushed in with about 70 or 80 lbs. pressure, making a hole 
of about the same area as that in the low-pressure fire-box 
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just described. The discharge of steam and water was also 
similar, that is, downwards through the fire grate; conse- 
quently the effect produced was likewise similar, but more 
violent, corresponding to the greater pressure of steam, the 
engine in this case being lifted entirely from the ground and 
making a kind of summerset in the air. 

The other case was of still more violent character, being 
that of a Cornish boiler 26 feet long by 5f diameter, containing 
a fire tube of 3 feet diameter, the flue tube being collapsed 
for nearly its whole length from the furnace to the end of the 
boiler. The tube was at the same time broken across into 
four portions, which, when put together, exhibited very much 
the appearance of the collapsed flue of the fire-box boiler (fig. 
2 *of frontispiece), except that the top and bottom of the tube 
were compressed into closer contact and more completely 
recurved within each other. This probably arose from the 
greater pressure of the steam, the working pressure of the 
engine being 45 lbs., the thickness of the iron being the same 
as the low-pressure boiler, namely, -§■ inch of the best Coal- 
brooke Bale, both for the boiler and tube. The tube in this 
case was circular, although it appeared to me to have been 
injured from overheating ; and there were other circumstances 
which also made it probable that there was an insufficient 
quantity of water over the tube at the time of the accident, by 
which it might have been rendered quite as weak as the oval 
tube of the Newton boiler, to which case in many respects this 
bears great analogy, being both Cornish boilers and nearly of 
the same dimensions, except in length, and the explosion oc- 
curring within about one minute of the engine starting. In 
both cases the iron was of very superior quality, and the 
boilers extremely well made — provided with every requisite in 
the shape of safety valves, water gauges, &c, and attended by 
careful workmen. The principal difference in the manner of the 
explosion arising from the tube in the last case breaking 
across, the steam rushed into the internal flues and bed of the 
boiler, which served as an abutment from which the entire 
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shell of the boiler, weighing several tons, was projected and 
carried a distance of 43 yards, knocking dow* buildings, and 
creating great destruction of life and property in its way. 
This, in fact, was the chief characteristic 'in the three high- 
pressure explosions described, as in all other explosions ofhigh* 
pressure boilers that I have had an opportunity of examining, — 
which contrast remarkably with the almost entire absence of 
sttch destruction by the bursting of boilers ordinarily attached 
to the common low-pressure engine* 

The reason for giving the details of the above eases is my 
belief that a correct record of facts is all that is wanted to 
enable us to eliminate all the causes that were ever concerned 
in producing explosions, and perhaps also to put us in a con- 
dition to assist, if not in preventing, at least to place some 
check to the increase of those lamentable occurrences. Bear- 
ing in mind what is said in section 28 (page 88) on the sub- 
ject of surcharged steam, and the peculiar liability there is of 
boilers exploding exactly at the moment or soon after the valve 
is opened for starting an engine, there is reason to believe that 
many explosions may be accounted for by a coincidence of two 
or more distinct causes— one of them always being the sudden 
opening of the safety or other valve — the other either the 
presence of surcharged steam or an insufficiency of water, or 
both. For after giving a very attentive consideration of the 
details of all the explosions that have occurred in Lancashire 
for a long series of years, I am also of opinion that more than 
one-half of them have occurred either at that particular time 
or after the opening of the safety or other valve, when one 
might expect it to cause a diminution instead of an increase of 
pressure. The fact is of sueh frequent occurrence, that I have 
made several attempts to draw the attention of coroner's juries 
to the circumstance, but, as may be supposed, as such bodies 
are ordinarily constituted, with no great success. Every one 
nearly being now more or less an amateur in steam, the popular 
idea with juries is that of being appointed to find somebody 
guilty of overloading or setting the safety valve fast. I am 
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not going to ascribe any of the above accidents either to sur- 
charged steam or opening of safety valves, because there are 
other sufficient causes for them, but the circumstance of ex* 
plosions so frequently taking place at that precise time is not 
the less singular. 

Although the American government committee on explosions, 
did not succeed in proving surcharged steam to be dangerous, 
they made the experiment of injecting water upon a red-hot 
boiler bottom, when the steam ran up from 1 to 12 atmos- 
pheres in one minute, and the boiler exploded with violence. 
This is consequently a source of danger which no one ever 
disputed. The only question of interest respecting it, is the 
manner in which it is brought about. 

Section 39. — Explosions from Incrustations. 

A boiler bottom getting red hot is not likely to take place 
gradually while the engine is at work, the water feeding appa- 
ratus in order, and the boiler kept clean. But if a boiler is 
allowed to become dirty, or covered with indurated or in- 
crusted earthy matter, interposed between the iron and the 
water, there is then no difficulty in accounting for such cir- 
cumstances producing an explosion at any time ; and the way 
in which it operates towards that end appears to be something 
like the following. 

It is known that an internal coating of incrustation, or 
boiler scale, is liable to crack and separate into large pieces, 
which are thrown off from the boiler bottom at some particular 
degree of temperature, depending upon the thickness of the 
scale and the kind of substance of which it is formed. "We 
can easily suppose that by a little hard firing, and unduly 
heating the boiler, a large portion of scale may be suddenly 
detached, uncovering a considerable area at a temperature 
something exceeding the maximum evaporating point, which 
is well known to be considerably under the lowest red heat of 
iron. Now, the first effect produced will evidently be a cettain 
amount of repulsion between the overheated iron and the water, 
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which may continue for several seconds, and perhaps for a few 
minutes; this may account for the sudden decrease in the 
supply of steam that has sometimes been observed just before 
the explosion of a boiler has taken place. There must also be , 
a gradual diminution of temperature during this short space 
of time, in that part of the overheated iron which is exposed 
to the water — creating a contraction of the metal — increasing 
as the decreasing temperature of the iron approaches the 
maximum evaporating point, which is at about 350° to 400° 
Fahrenheit (See sect. 10, p. 29), and causing a corresponding 
strain on the rivets in* the boiler bottom. The direction of 
this strain may generally be traced on examining the bottom 
plates of any old boiler, and will be found to radiate in lines 
proceeding from the part which has been most acted on by , 
the fire. 

The next and concluding step, in case of the metal not being 
able to withstand the strain caused by its own contraction, 
will either be a sudden crack or fracture in some direction 
across this exposed part, or, what most generally happens 
when an explosion results, the sudden giving way of some 
bad seam of rivets, which the most nearly coincides or is 
parallel with the direction of what would otherwise be the true 
line of fracture. This may possibly be at some distance from 
the part which has been overheated, thereby giving the in- 
creased effect of great leverage to the pressure acting upon all 
that portion of the boiler included between the overheated 
part and the actual line of fracture. Now the consequence 
is, not perhaps that this portion is blown out, as would most 
probably be the case with very bad iron, but it will be bent or 
doubled back, the line of flexure running across the hottest 
or the weakest part of the iron. This may help to account 
for the remarkable way in which we sometimes find exploded 
boilers twisted and doubled up. A rupture being thus ef- 
fected an explosion is inevitable if the hole be sufficiently 
large. 
When an incrusted boiler bottom becomes highly heated* 

o 5 
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and the water at the same time too low, it very commonly 
happens that a large quantity of water is immediately let in, 
when the consequences are similar to those just described : 
for the internal coating of scale being suddenly contracted by 
the cooling effect of the water admitted, it is detached ia the 
same manner as it would have been by the expansion of the 
iron, and the same effects produced, although perhaps more 
speedily, as the water admitted will reduce the temperature of 
the exposed part of the boiler bottom more rapidly to the 
maximum evaporating point. 

Whenever a boiler bottom is seen, or supposed to he, ap- 
proaching to redness, and that can only happen when the' 
water is not boiling, or when the engine is standing, the en- 
gine-man should be cautioned against allowing a fresh supply 
of water to go into the boiler, whether the boiler is short of 
water or not, until after the engine has been some time at 
work. My advice to engine-men in such cases is not to start 
the engine at all, but to open the fire doors and stand at a 
safe distance until all goes cool. I would not have him stop 
to pull the fires out, and on no account to open the safety 
valve, as being little less hazardous than starting the engine. 
If, indeed, he knows the safety valve to be overloaded or made 
fast, and the steam still continues to rise with the fire doors 
open, the fires may then be quenched by a jet of water from 
a hose pipe, or other safe means. 

» • 
Section 40.— :$$posit of Sediment. 

All natural waters hold various solid matters in solution 
or suspension; when in the latter state they admit of being 
removed by filtration ; but no system of filtration, on a scale 
sufficiently large to supply a moderate-sized steam engine at 
a light expense, has yet come into practical use.' However, 
it occurred to a gentleman several years ago to hit upon a 
very simple and effectual substitute. And that was, instead 
of separating the water from the dirt, before passing it into 
the boiler, he separates and collects the dirt from the water 
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after it is in the boiler by means of a series of vessels, shelves, 
or trays, placed up- and down the boiler, constituting, in fact, 
so- many portions of what collectively might be considered a 
substitute for a false bottom, upon or into which all the matters 
held in suspension are deposited. This, in fact, is the whole 
of the principle of Mr. Anthony Scott's patent of 1827, which 
has been so frequently re-patented and re-registered since that 
time, like many bad copies of good pictures* some of them so 
rery bad that the patentee, if he were living, would not know 
that they were even meant for imitations. 

These sediment vessels operate much after the same manner 
as certain quiet still places do along the banks of rivers, in 
causing sand or mud to accumulate in them ; making so many 
places of shelter, where any moveable matters being accident- 
ally deposited, they remain free from agitation and not disposed 
to move out. In a boiler containing boiling water, of course 
the same principle prevails ; the steam rising from the boiler 
bottom — the sole cause of ebullition in all cases — being the 
agitating agent. In fact the water never boils within the 
internal vessel or sediment receiver, however violently it may 
bofl externally: and the more violently the water boils the 
more rapidly the internal vessel collects all loose sediment 
floating about in the water. Hence Mr. Scott called any in- 
ternal vessel or apparatus put into a boiler for this purpose, a 
" sediment collector." 

The g?eat merit of Mr. Scott's invention is its peculiar 
simplicity and cheapness; this was so obvious, that many 
hundreds of boilers were immediately fitted up with collecting 
vessels of various kinds with more or less success. Excepting 
for calcareous incrustations, the process was perfectly success- 
ful in keeping a boiler clean. The only difficulty in its prac- 
tical application was liability to neglect in cleaning out the 
collectors themselves when they got filled with deposit, and 
the necessity of emptying the boiler for that purpose. 

For the above reasons it appeared desirable to the patentee 
to have his cleansing apparatus made self-acting, that is, to 
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clean itself out without interruption to the working of the 
engine, or letting down the steam ; and he honoured me with 
a commission to make such an improvement, which I suc- 
ceeded in effecting in 1829, when the first complete boiler- 
cleansing machine was executed and applied to a boiler at the 
calico-printing works of Messrs. Thomas Marsland and Son, 
in Stockport, who afterwards had fifteen boilers so fitted. 
Since the above period they have continued in general use in 
Lancashire. 

The general form of this apparatus, and mode of fixing it 
up within a wagon boiler, is shown in the 1851 edition of 
Tredgold on Marine Engines, page, text, 129. Many hundreds 
have been made and adapted to various kinds of boilers, includ- 
ing those of railway locomotives and steamboats. In the last- 
mentioned cases, and in all cases where there is no fire under 
the boiler bottom, they are, generally speaking, unnecessary, 
except for the purpose of preventing priming, which they 
most effectually do when that arises from dirty water. For 
this purpose the upper conical- shaped vessel is made with the 
narrow collecting apertures adjusted partly above and partly 
below the surface of the water. In this way it is used by 
opening the valve at the end of the boiler, and putting the 
handle of the agitator in motion for half a minute, by which 
the contents of the receiver at the bottom of the boiler are 
discharged upwards through the pipe on the right hand. 
This operation creates a current, which draws all the scum 
and froth that cause the priming from all parts of the water 
surface into the collecting vessel and down into the receiver, 
whence they are discharged to the outside of the boiler by a 
repetition of the process. 

By thus skimming the dirt from the top of the water, clean 
dry steam is supplied to the cylinder of an engine instead of a 
mixture of steam and dirty water, causing, in ordinary cases, 
such great waste of power by friction on the piston and piston- 
rod, and unnecessary consumption of tallow. 

Great consumption of lubricating material is always proof 
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of imperfection in machinery. Instances are not wanting of 
large stationary engines working for months together without 
grease of any kind to the piston-rod,* contrasting greatly with 
the lavish use of that material in marine engines, rendered 
necessary mainly hy the greater liability to prime. The old 
device of throwing tallow into a steamboat boiler, in order to 
prevent priming is still without a satisfactory theory ; unless, 
as I am inclined to believe, the practice is only beneficial 
rather in mitigating the immediate effect than in the prevention 
of priming. The only suggestion to account for it that I have 
met with worth attention, is one by Mr. W. Keld Whytehead > 
C.E., in an article on the priming of boiler3, in the " Artizan 
Journal" for December, 1848, in which he supposes that, as 
the tallow requires a very high temperature to vaporise it, it 
" consequently floats like a hot plate on the surface of the 
water, and tends to separate the particles of water from the 
steam as they rise." 

Kg. 18. 




In applying the cleansing machine to boilers containing 
inside flue tubes, it is necessary for their perfect efficiency 

* Should this fact be doubted, I can refer to a case of the kind in 
London, at Messrs. Esdaile and Margrave's, City Saw Mills, Regent's 
Canal ; their boilers being furnished with my cleansing machines, and the 
piston-rod stuffing boxes packed with their patent cork fibre. 
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generally to place two in each boiler, one on each side of the 
tube. This is move especially requisite in boilers about 30 
feet long, so that one machine may be fixed at the extreme end 
of the boiler from the fire, and the other about the middle. 
A nearly similar plan is adopted in placing the common sedi- 

Rg. 19. 




ment collectors as represented m figs. 18 and 19, which are 
vertical and horizontal sections (the latter to a scale of half 
the size of the former) of the "egg-ended"* double-flued 
boiler as now made at the principal iron works in Staffordshire ; 
showing also my last improved modification of Scott's patent 
apparatus. The lower collector is of the form originally 
recommended by Mr. Scott, and is merely a shallow tray 
standing on four legs, about 6 inches from the bottom of the 
ooiler, calculated only to retain some of the heavier kinds of 
deposit. The upper collector is a cast-iron trough suspended 
between the flues, and partially or wholly covered with one or 
two cast-iron lids ; this collector catches and retains the finer 
kinds of deposit that are floated near the surface. 

Half a dozen of these collectors are well calculated for 
placing in a large boiler where it is necessary to use any 
material for preventing incrustation. 

* This is an excellent form of boiler, bat it must not be confounded 
with the *' egg-shaped" or furnace boiler more recently brought into use, 
a description of which more properly belongs to the subject of Chimneys 
and Furnaces. 



on steam boilers. 135 

Section 41. — Calcareous Incrustations. 

When the incrustation forming on the inside of boilers 
consists principally* of argillaceous or silicious matters, it is 
easily prevented by the use of one or the other of the above 
described apparatus. When, however, any considerable pro- 
portion is either carbonate or sulphate of lime, considerable 
difficulty is experienced in preventing its formation to an 
injurious extent. The latter substance more especially, it is 
well known, has withstood all attempts at complete prevention 
by chemical means, except such as would be also injurious to 
the iron. The principal remedial agent that has been found 
beneficial in any degree to mitigate the effects of this substance, 
is crushed potato, which does not act chemically, but mecha- 
nically, the pulp of the potato being supposed to envelop the 
crystals of the sulphate of lime as they form, and prevent their 
adhesion to each other. 

With respect to the incrustations of carbonate of lime, the 
case is very different. It admits of various methods of pre- 
venting its formation by chemical reagents. The means are 
generally very simple, but like smoke burning the question of 
the best cure for boiler scale has got entirely into the hands of 
the "chemists and druggists" and opened up a boundless 
field of quackery and pretension which it would be impossible 
to characterise properly. I shall therefore only briefly mention 
a few that I believe to be exceptions to this remark. 

The most popular of the patent remedies is that of Dr. 
Bitterbandt. This plan is to put into the boiler daily a small 
quantity of muriate of ammonia, or sal-ammoniac, the effect of 
which is, that any bi-carbonate of lime in solution in the water 
is decomposed, the muriatic acid of the muriate of ammonia 
taking the lime and keeping it in solution, while the carbonic 
acid joins the ammonia, forming carbonate of ammonia, which 
passes off along with the steam. It need not be observed that 
this remedy can have no effect whatever in preventing the 
sulphate of lime incrustation. 
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The theory of the following remedy is something like the 
reverse of the foregoing, and was, I believe, first proposed by- 
Mr. John Graham, of the firm of T. Hoyle and Sons, and has 
heen several years in use at their celebrated 'calico-print works 
in Manchester. It is to put into the boiler daily or weekly a 
quantity of quick or newly-slaked lime, the effect of Vhich is 
to convert the soluble bicarbonate into the insoluble carbonate 
of lime, which, instead of being kept in solution as muriate of 
lime is in Dr. Ritterbandt's remedy, is precipitated and col- 
lected without any trouble by sediment collectors, or collected 
and discharged from the boiler by the cleansing machine. 

This putting in of lime to take out lime is a nice application 
of Dr. Clarke's simple and efficacious method for purifying 
water on a large scale, now so well known and generally 
approved by water-works' companies. 

In Lancashire, where generally a great portion of the boiler 
scale is sulphate of lime, it has long been a practice to use ox* 
feet, or any animal substance convertible into jelly by boiling, 
with good effect. But they are liable to promote priming, and, 
like potatoes, they require frequent renewal. p 

One English patent, now expired, specifies the use of all 
kinds of vegetable matter or extract without exception, pre- 
ferring that which gives out the greatest quantity of colouring 
matter, as logwood, bark, or tan. Also turf, peat, manure, 
leaves, saw-dust, and charcoal. Other patentees recommend 
urine, glue, blood, dung, and night-soil. Also sugar, starch, 
treacle, flour, malt, and the bottoms or settlings of beer barrels. 
Most of the above articles may be used with advantage 
where there is not much of the sulphate, but they all act 
mechanically. 

Tan and salt are the principal ingredients in some of the 
best of the foreign patents, which generally also contain some 
corrosive materials that are difficult to particularise and hazard* 
ous to use. 
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The following very able report, made by the Association in Manchester, 
for preventing steam boiler explosions and for effecting economy in 
the raising and use of steam, is too valuable to be withheld from this 
work* and which is appended for the instruction of our readers:— 
'' The short period which has elapsed since the association commenced 
operations, and the time absorbed in collecting and registering the neces- 
sary details incidental to every first inspection, has scarcely permitted the 
full regulation of all the benefits which the association is calculated to 
confer; but it is satisfactory to state, that no explosion or accident has 
occurred in any boiler under the supervision of the association. The chief 
inspector has, however, reported several cases of imperfection tending to 
accidents, and, in particular, has found many flues so constructed as to 
transmit heat directly to the steam in the boiler, not only when the water 
is deficient but when at its daily working level, thus surcharging the steam 
with heat, and endowing it with one essential element of explosive power,, 
-which may be instantly developed by the admixture of water, by agitation 
or otherwise. The fact that steam, in contact with water in a quiescent 
state, may be heated to 500° or upwards, without any corresponding effect 
on the steam gauge, or proportionate increase of pressure, appears to be 
established on good authority. But the precise condition under which the 
surplus heat thus accumulated in the steam may combine with water to 
produce explosion is not fully known ; and it is recommended that an 
investigation of this important point by experiment, as a proper subject for 
this association to determine. In like manner the economical effect, if 
any, obtained by heating steam in its passage from the boiler to the steam 
cylinder, for the purpose of gaining pressure by its expansion demands, 
investigation ; as also the still more important question of the strength of 
plate-iron tubes or internal flues to resist external pressure, for estimating 
which no data has yet been made public In the important branch of 
effecting economy in the raising and use of steam some progress has been, 
made in collecting facts bearing on the question, and sufficient have been, 
obtained to prove a great waste of fuel in many establishments. It has 
been ascertained that the consumption of coal for indicated horse power 
per hour ranges in different cases from three to twelve pounds, and after 
making every allowance for differences in the quality of coal, and for the 
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employment of part of the steam in heating and other purposes, there 
remains a vast field for pecuniary saving. It is also found that the waste 
lies not only in the faulty construction and ill-adapted proportions of fur- 
naces and boilers, but also in the mode of applying and using the steam 
when rafsed. The clouds of dense smoke, indicative of imperfect com- 
bustion, testify to the defects of too many furnaces, and indicator diagrams 
attest in like manner the waste of steam, showing in some cases, in which 
high and low pressure cylinders are worked together, a loss of 101b or 
upwards of pressure between the exhaust side of the one cylinder and the 
steam side of the other. We may look forward with confidence to im- 
portant improvements in these particulars, by the daily experience in inspec- 
tion now acquiring and in the supervision provided." 

Mr, Whitworth read the following report, made to the committee by 
Mr. Longridge the chief inspector : — 

In laying before you a report of our proceedings from the 1st April to 
the 17th of the present month, I shall first state the chief subjects which 
have been proposed for our investigation ; and in the next place show how 
far we have been enabled to prosecute these inquiries, and what conclu- 
sions may be fairly deduced from them. Our attention has been directed 
— I. To an examination of all boilers placed under our inspection, with a 
view to ascertain as correctly as possible their actual condition, and 
whether they were adapted to their ordinary working pressure; also, 
whether- they were provided with the requisite mountings, and if the same 
were kept in good working order. — 2. In those cases of explosions which 
hare taken place in the neighbourhood, to an investigation of the peculiar 
circumstances connected therewith, in order, if possible, to ascertain the 
real cause, and the best means of preventing the recurrence of such acci- 
dents. — 3. To ascertain by comparison the most advantageous construc- 
tion, dimensions, and working of boilers in regard to safety, economy of 
fuel, and durability.— 4. To ascertain the most economical system of em- 
ploying steam as a motive power. 

The number and description of boilers at present under our inspection 
are as follows, viz. : — 

Descrintion Pressure per square inch. 

uescnpuon. i5ftor 16ft 31fc 46ft 61fc 76ft Num- 

Cylindrical, with internal under, to 30. to 45. to 60. to 75. to 80. ber. 

flues 83 .. 274 .. 144 .. 60 .. 28 .. — .. 589 

Cylindrical, without do. 10 .. 12 .. 10 .. 6 .. 7 .. — .. 45 
Galloway's patent boilers 2 .. 35 .. 48 .. 12 .. — .. — .. 97 
Multitubular . . „ 12 .. 9 .. 31 .. 32 .. 2 .. 1 .. 87 

Butterley . . . „ 43.. 20.. 1 .. — .. — .. — .. 64 
Wa#>n ... „ 38 ..—..—.. — .. — .. — .. 38 

Total 188 350 234 110 ~37 ~T 920 
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Of the above, 81, or nearly nine per cent., have been found to be in a 
clfcngerous state, from the following causes, viz. ; — 

Construction or strength not adapted to the working pressure . 24 

Defects in the plates or angle iron 9 

Defects in the boiler mountings 26 

Injury sustained from deficiency of water 19 

t)itto „ deposit of scale 3 

Total 81 

la addition to the above 19, rendered dangerous from deficiency of water, 
there are 14 others which have been injured to a less extent from the same 
cause. This is evidently the most frequent cause of explosion, as will be 
explained hereafter ; and as it is important to provide such means of pre- 
vention as will be effective in cases of negligence on the part of the fire- 
man, I would suggest, first, the general adoption of open stand pipes, 
where applicable, or safety valves, in connection with a float, to allow the 
escape of steam, whenever the water falls below the fixed limit — 2. The 
use of fusible metal plugs, fixed on the top of the flues above the fire. 
These should stand sufficiently high to melt before any part of the flues 
could be uncovered with water. The usual practice of inserting a lead 
rivet or plug in one of the plates is worse than useless, inasmuch as owing 
to the inclination usually given in setting boilers, a considerable portion, 
of the flue must be exposed, and may even become red hot, before such 
lead plug can be melted ; under which circumstances an explosion is the 
probable consequence. 

Explosions : although there have been no cases of explosion in boilers 
under our immediate inspection, we have had opportunities of examining 
the following, viz. : — Cylindrical boiler, with two internal flues at Messrs. 
G. and G. Pilkington's, Crawshaw Booth, exploded 25th April : cylindrical 
boiler, without internal flue, at Mr. Ralph Wood's, Salford, 8th June ; 
upright cylindrical boiler, with two internal flues, at Messrs. Beyer and 
Peacock's, Gorton, 14th June ; wagon boiler, at Mr. Samuel RothwelTs, 
Elton, near Bury, 25th June ; cylindrical boiler, with one internal flue, at 
Messrs. Watson and Allsup's, Preston, 30th July; cylindrical boiler, with 
two internal flues, at Messrs. William Parker and Co.'s, Sheffield, 11th 
August ; multitubular boiler, at Messrs. Shortridge, Howell, and Jessop's, 
Hartford-Street Works, Sheffield, 18th August; cylindrical boiler, with 
one internal flue, at the Lancashire and Yorkshire Railway Works, 
Miles Platting,- 13th October. With the exception of the boiler in 
Salford, which was not, in fact, provided with any safety-valve; that 
at Messrs. Parker and Co.'s, in Sheffield, which exploded from 
excessive pressure; and the old wagon boiler, at Mr. Samuel Roth- 
well's, near Bury, thes* explosions may all be traced to the same cause 
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viz. : the production of the surcharged steam, by the transmission of heat, 
above the surface of the water. Although the possibility of surcharging 
steam, while in contact with water, is still disputed by many engineers in 
this country, this question was satisfactorily solved by a committee of the 
Franklin Institute, in America, above twenty years ago. In the report of 
this committee, it is stated that " the temperature was carried to 533 de- 
grees Faht, when the pressure, shown by the gauge, was 6*82 atmospheres : 
while saturated steam, at that temperature, would have had a pressure of 
more than 60 atmospheres;" and further, "these experiments, which 
lasted more than two hours, show that the surcharged steam remained in 
contact with water without acquiring from it the water necessary to con- 
vert it into saturated steam, but retaining its surcharged state." Several 
instances which have come under our own observation might be adduced 
in confirmation of the experiments of these gentlemen, but I shall only 
mention one, which lately occurred, as sufficient for our present purpose. 
The boiler referred to contained two internal furnaces, uniting in one flue, 
and had been filled with water to the usual height by a pipe leading from 
a reservoir. The end of this pipe was about 9 inches below the top of the 
furnaces. About two hours after lighting the fires, the steam (being at 
8ft, as indicated by the gauge) was turned into the mill for the purpose of 
warming it. Shortly after this the attendant observed that the water had 
disappeared from the gauge glass, and was forced back into the reservoir, 
the valve on the feed pipe not having been entirely closed. At this time 
the upper part of the furnaces, above the surface of the water, had become 
red hot, and the temperature of the steam was such that a block of wood, 
resting on the top of the boiler, was converted into black charcoal, and yet 
the pressure never exceeded 8ft. The communication with the reservoir 
having been closed, the fire doors opened, and the damper shut, the 
boiler was allowed gradually to cool; and although the tops of the 
furnaces were depressed, no explosion took place. From this it is evident 
that steam may be raised to a high temperature, while in contact with 
water, and yet remain at a low pressure. And this condition can only 
arise from a deficiency of water in such steam ; we may reasonably infer, 
that if this could by any means be supplied, we should have an almost 
instantaneous increase of density and pressure proportionate to the degree 
of saturation. This will fully account for the difference in intensity of 
many explosions, and why these should so frequently occur immediately 
after starting the engine, admitting water into the boiler, or lifting the 
safety valve, all of which tend to produce agitation of the water, and to 
promote its diffusion amongst the steam. Although this theory of 
boiler explosions, which was advanced by the late Mr. Perkins many 
years ago, has not hitherto been generally admitted, certainly the 
facts which have come under my own observation seem fully to confirm 
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Its accuracy. The two last subjects which have been proposed for inves- 
tigation require a greater amount of data than we have as yet been able to 
obtain ; and although we have had occasion to remark great errors in 
many of the present modes of employing high-pressure steam, I should not 
now be justified in expressing a decided opinion as to which system is 
positively the best, nor which is the best construction of boiler. In con- 
nection with the working of boilers, the subject of smoke-prevention has 
not been overlooked. Our experience on this subject tends to the conclu- 
sion, that without much difficulty or expense the smoke nuisance may be 
greatly abated, in almost every description of boiler, and that this will be 
accompanied by a saving of fuel, provided such attention as might reason- 
ably be expected be given by the fireman. During the ensuing year these 
subjects shall have the attention which they require, and I trust, ere the 
next general meeting of the association, we shall be enabled to arrive at a 
satisfactory solution of these .important questions. — I am, gentlemen, yours 
respectfully, 

Bobt. B. Longridge, Chief Inspector. 

In moving " That the report of the committee be adopted, and printed for 
circulation," the Chairman said that the objects of the association were 
to secure greater safety in the working of boilers, and economy in raising 
and using steam. This was proposed to be done by an intelligent and regu- 
lar supervision, to be undertaken by inspectors appointed and paid by the 
association ; that inspection not being intended in the smallest degree to 
diminish the care or responsibility of the members of firms or their ser- 
vants, but being superadded thereto : in fact, to form, as it were, a gua- 
rantee that whatever was dangerous or wasteful in connection with the 
steam department, should be brought to the notice of members at the ear- 
liest possible period, with a view to remedies being applied. It was also 
intended, that the information and facts obtained by the inspectors in 
their extensive rounds should be so classified and concentrated, at the head 
offices, as to be accessible to every member ; so that information might be 
obtained upon any point of practical working upon which difficulty might 
be experienced. It was evident that the success would very much depend 
upon the qualifications of the chief inspector — that if an inspector should 
be selected who, from want of knowledge, industry, or discretion, did not 
secure the confidence of members, that amount of success would not be 
obtained without which the association could not be effective for good. 
It appeared also, that in the inspector, there would be required something 
more than mere practical every-day knowledge. The use of high-pressure 
steam was being rapidly extended ; the whole question of the best means 
of raising and applying steam was in a transition state; and questions were 
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constantly being raised, with whieh a man possessing only every-d*y prac- 
tical knowledge eould scarcely be expected to deal. It was essential to 
the permanent suecess of the association, that the person selected as chief 
inspector should be one who had enjoyed the advantages of a liberal edu- 
cation— who had acquired sufficient scientific knowledge upon the ques- 
tions involved in the management of steam to be able, theoretically, to 
take up difficulties or suggestions- that might arise — who possessed suffi- 
cient mathematical knowledge to avail himself of the various published 
formulas and data, and to work them out in connection with information 
acquired in the discharge of his duties — and who should also be a man of 
considerable activity, quick perception, and apt to learn by experience. 
Mr. Longridge gained experience from his duties, and would be able to 
guide them through the various difficulties that might arise, a good com- 
mencement of what would prove a very valuable feature of the association. 
There were other means of extending knowledge as to steam, and gene- 
rally aiding members on that subject, that had not yet been entered upon. 
It was intended that, at an early period, inventors should be invited to 
send in models or prospectuses of inventions; and that the association 
should thus, by having a depository for such things, be able to submit to 
members the various instruments and mechanical contrivances which in- 
genuity had devised for the purpose of being applied to steam boilers, 
furnaces, or engines. Inventors should know that the association had 
made arrangements for receiving models, explanatory drawings, and 
specifications of patents, or anything in connection with the. subjects 
mentioned, which it might be wished to bring before the public; 
and in a short time, the association would have a gradually increasing 
and most important collection, for the information of members. He 
would now draw attention to what was conceived to be still wanting, in 
order completely to carry out the expectations of the originators of the 
association. If it were asked what were the inducements to become 
members, he would reply that the pecuniary advantages to be derived — 
quite independent of considerations of safety to life and limb — far ex- 
ceeded any charge proposed to be made, or that it could ever be neces- 
sary to make. It was believed that considerable saving might be effected 
through improved arrangements for raising and applying steam. The 
report stated that, in connection with the boilers inspected, the consump- 
tion of coal per horse power varied from 12fc to 31b. Special circum- 
stances might account for large consumption in some cases ; but, making 
every allowance, there was a vast field for saving in that department 
alone. In another direction, there was the saving to be effected, where 
high-pressure and condensing cylinders were used together; the fact 
stated by Mr. Longridge on that subject being very conclusive as to the 
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Ion intra defective arrangements. He bettered it ptobable tint the sun- 
Iran of the association akme paid upwards of £200*060 a year for coal, 
and that a saving of from £10,000 to £20,000 might be tinted m a vevy 
short time by the application of principles already known. There was by 
no means a wasteful consumption of coals in his own concern previously to 
1898 ; bat in three years from that time, a saving of 1,100 tons was 
affected, as a neurit of his reading Mr. Charles Wye Williams's treatise cm 
combustion.* The consumption had been 20 -ewt. an hour, upon the 
average of three years ; but alter reading Mr. WiUiamt's work, he caused 
a certain quantity of atmospheric air to be admitted into the furnaces, 
instead of having coals constantly shovelled in ; and upon the average of 
the next three years, the consumption was only 17 ewt. an hoar. There 
were thousands of firms in whose establishments there was bo external 
supervision, but in which there might be found the same causes of danger 
that had been detected, and the same wasteful consumption of coal that 
had been pointed out, in the establishments of members of the association. 
The following gentlemen were appointed as the committee : — Messrs. 
James M'Connel, George Peel, Richard Birley, and James Dugdale, Man- 
Chester; James Piatt, Oldham; Joshua RadcMfe, Rochdale; William 
Wanklyn, jun, Albion Mills, near Bury ; Edward Birley, Preston ; Alfred 
Neild, Manchester ; Richard Peacock, Gorton. Messrs. T. Cooke and R. 
Johnson were appointed auditors. — Mr. Fairbairn trusted that tlie result of 
the experiments would be at least to solve the questions as to explosion 
from collapse, or from external pressure upon flues. He also hoped that 
valuable results might be obtained with respect to surcharged steam ; and 
as to whether or not it was advantageous to heat steam after it had left 
the boiler. He thought the association promised well for the next year ; 
and he trusted that the association would determine that, out of the 
funds of the association, experiments should be made, at least so far as to 
elucidate those points in which the members were more directly in- 
terested, as bearing upon the practicable operations of their businesses. 
The association was the first of its kind, he was very anxious that the ex- 
periments should be conducted in connection with tha body. He also 
particularly desired the aid of their intelligent chief inspector, who would, 
he was sure, take an active part -in conducting or assisting in such expe- 
riments. 

' SMOKE PREVENTION. 

The Smoke Nuisance has assumed a degree of public importance it 
never before possessed, the Legislature having passed an act embodyi 
conviction that the prevention of smoke is possible, and levying fines in 
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oases where the nuisance is continued. It was, in fact, distinctly proved, 
previous to the passing of the " Smoke Prevention Bill," that furnaces 
could be so constructed as to consume their dense noxious vapour. Mr. 
C. Wye Williams's Smoke Prevention Apparatus, consists simply of a 
practical application of the sound chemical principles so long contended, 
in the face of popular prejudice and no small share of imaginary self-in- 
terest. Mr. Williams's apparatus is simplicity itself, merely because the 
principle it involves is sound. 

Hitherto, the practice has been to exclude as much air and heap on as 
much coal as possible, thus preventing a sufficient quantity of the com- 
mon atmosphere getting into the furnace to secure complete combustion. 
The consequence was the gasses were too slowly evolved, and passed away 
into the chimney in dense black columns, to poison the air of the surround- 
ing neighbourhood. This is prevented now, however, by a moderate en- 
largement of the fire-beds and flues, and the introduction of air to the sur- 
face of the fire through perforated doors, and plates placed between them 
and the fire. The furnace itself being constructed to admit the quantity 
of air required for perfect combustion, the perforated plates secure such 
a mechanical division and distribution of the common atmosphere as to 
ensure its becoming instantaneously heated, and promoting, instead of 
retarding, as a column of cold air does, in a great degree the combustion 
sought. The whole mystery of all the smoke preventing apparatuses now 
in public favour lies in this very simple secret. 

We will proceed to give an analysis of experiments which have been 
repeatedly made with Mr. Williams's apparatus. With the air wholly 
excluded, 251tt>8. of coal were consumed per hour, 1,23 9fts. of water were 
evaporated, the Pyrometrical heat being 381°; whereas, with the air 
admitted, the consumption of coal was only 236fts. per hour, the water 
evaporated 1662tbs., and the temperature, as indicated by the Pyrometer, 
901°; thus showing an immense saving of fuel and an extraordinary 
increase in the quantity of water evaporated, as indicated by the Pyro- 
metic action. 

These phenomena are of immense commercial value. So much so, that 
those who employ steam should adopt the new furnace, being vastly to 
their advantage, more particularly as the cost attending its introduction, 
in places were the largest amount of steam power is employed, would not 
exceed a very insignificant sum, as compared with the saving of fuel. On 
looking into the flues of Mr. Williams's apparatus, the whole secret dis- 
closes itself to the observer. The air is evenly distributed over the whole 
face of the fire, and becoming, as we before observed, instantaneously 
heated, by the time it reaches a certain point in the flue, complete 
combustion has taken place; and there being no smoke, the flues 
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can be seen through with the naked eye. But the moment the air is shul 
off; the furnace and all its passages instantly become dark, and filled with 
black smoke, thereby proving that air, when judiciously introduced, is the 
most indispensable element in producing the chemical action required. 

The universal applicability of this principle cannot be -disputed; and 
its use in private dwellings, which are, after all, the great vitiators of the 
atmosphere in all our large towns, is only a question of time. Still, there 
are many who object to introducing anything new; but they should bear 
in mind, that Mr. Williams's furnaces have been in use in the City of 
Dublin Steam Packet Company's boats for some years, and that the law 
requires them to adopt means not for the partial, but the entire removal 
of the smoke nuisance, no matter whether it originates with the malcon- 
struction of the furnaces now in use, or a dislike to encourage anything 
like an innovation of what has hitherto formed a very important part of 
the business of our motive-power engineers. 

Considerable opposition has been raised to Mr. Williams's furnace, on 
the supposition that the admission of air on his principle is tantamount to 
throwing open the doors of the furnace, from which, a loss of fully 50 per 
cent, of the steam-generating power of the fire ensues. The analysis 
above given proves, however, that this is quite a mistake. Where the fur- 
naces and flues are constructed on the strict scientific principle laid down 
by Mr. Williams, a far greater amount of steam is generated, and with 
considerably less fire, than with the ordinary furnaces, and it is only: 
where the fire beds and flues are too .small that Mr. Williams's apparatus 
cannot be employed with success. On this subject, however, we cannot 
do better than quote a short passage from a speech recently made by the 
eminent engineer, Mr. Houldsworth, at the annual meeting of the " Asso- 
ciation for the Prevention of Steam-boiler Explosions :" — «' There was by 
no means a wasteful consumption of coals in his own concern previously 
to 1838, but in three years from that time a saving of 1,100 tons was 
effected, as a result of his reading Mr. Charles Wye Williams's treatise on 
combustion. The consumption had been twenty cwt. an hour upon 
the average of three years ; but after reading Mr. Williams's work he 
caused a certain quantity of atmospheric air to be admitted into the fur- 
naces, instead of having coals constantly shovelled in; and upon the ave- 
rage of the next three years the consumption was only seventeen cwt an 
hour."— Northern Daily Times, Dec. 11, 1855. 

Again, the smoke nuisance having given much cause of complaint, 
— the recent Act has had but partial success, — we will conclude by 
the following trite remarks made by Br. Ure in his Dictionary of 
Arts, &c : — " Among the fifty several inventions which have been 
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patented for effecting this purpose, with regard to steam-boiler and 
other large furnaces, very few are sufficiently economical or effective. The 
first person who investigated this subject in a truly philosophical manner 
was Mr. Charles Wye Williams, managing director of the Dublin and Liver- 
pool Steam Navigation Company, and he also has had the merit of con- 
structing many furnaces, both for marine and land steam-engines, which 
thoroughly prevent the production of smoke, with increased energy of 
combustion, and a more or less considerable saving of fuel, according to 
the care of the stoker. The specific invention, for which he obtained a 
patent in 1839, consists in the introduction of a proper quantity of 
atmospheric air to the bridges and flame-beds of the furnaces through a 
great number of small orifices, connected with a common pipe or canal, 
whose area can be increased or diminished, according as the circumstances 
of complete combustion may require, by means of an external valve. The 
operation of air thus entering in small Jets into the half-burned hydro- 
carburetted gases over (he fires, and in the first fine, is their perfect 
oxygenation — the development of all the heat which that can produce, 
and the entire prevention of smoke. One of the many ingenious methods 

Kg. 20. 




in which Mr. Williams has carried out the principles of what he justly 
calls his argand furnace, is represented at fig. 20, where a is the ash-pit 
of a steam-boiler furnace ; b is the* mouth of a tube which admits the 



APPENDIX. 147 

external air into the chamber, or iron box of distribution e, placed imme- 
diately beyond the fire-bridge g, and before the diffusion, or mixing 
chamber /. The front of the box is perforated either with round or 
oblong orifice^ as shown in the two small figures e e beneath ; d is the 
fire-door, which may have its fire-brick lining also perforated. . In some 
cases the fire-door projects in front, and it, as well as the sides and arched 
top of the fire-place, are constructed of perforated fire-tiles, enclosed in 
common brickwork, with an intermediate space, into which the air may 
be admitted in regulated quantity through a moveable valve in the door, 
I have seen a fire-place of this latter construction performing admirably, 
without smoke, with an economy of one-seventh of the coals formerly con- 
sumed in producing a like amount of steam from an ordinary furnace." 
January 25M, 1856. J. W. 



SUPERFICIAL AREAS Of EXTERNAL SURFACES OF 
TUBES OF VARIOUS LENGTHS AND DIAMETERS, 
IN SQUARE FEET. 



This table is designed to facilitate the calculation of the heating surface of 
the tubes in tubular boilers, and is adapted for tubes of various lengths, from 
8 feet to 16 feet, advancing by inches, and of various diameters, from If inches 
to 2£ inches, advancing by J of an inch. 

EXPLANATION. 

The large figures on the horizontal lines give the length of tubes in feet, 
and the small intermediate figures on the same line give the additional inches. 
The vertical column on the left gives the diameters of the tubes in inches. 
The numbers in the Table represent the superficial area of one tube, in square 
feet, and decimal parts thereof, for the different lengths and diameters of 
tubes required. 

EXAMPLE. 

Required the heating surface of 163 tubes of 1} inches diameter, and 11 
feet 10 inches long? Thus — having found the length (11 feet 10 inches) in 
the above-named horizontal line of figures, trace downwards to the line oppo- 
site the diameter (If) in the vertical column on the left, where will be found 
the number 5*421, being the area of the tube, and which, being multiplied by 
the number of tubes (163) gives the total area of 883,623 square feet. Thus 
reducing the whole process to a simple matter of multiplication. 

RICHARD CUNLIFFE, Engineer. 
Manchester, 
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11, 11*. ELECTRIC TELEGRAPH, History of, by E. Highton, 
C.E. 2s. 

133. METALLURGY OF COPPER, by R. H. Lamborn. 2s. 

134. METALLURGY OF SILVER AND LEAD, by Dr. R. H. 

Lamborn. 2s. 

135. ELECTRO-METALLURGY, by Alexander Watt, F.R.S.S.A. 

is.w: 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. Is. ' 

143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 
and Modern Theory of Dew, by C. Tomlinson. Is. 



BUILDING AND ARCHITECTURE. 

16. ORDERS OF ARCHITECTURE, and their Esthetic Prin- 

ciples, by W. H. Leeds. Is. 

17. STYLES OF ARCHITECTURE, by T. Bury. Is. U. 

18. 19. ARCHITECTURE, Principles of Design in, by E. L. Gar- 

bett, 2 vols, in 1. 2s. 

22. BUILDING, the Art of, in Fire Sections, by E. Dobson, C.E. 1*. 

23, 24 BRICK AND TILE MAKING, by E. Dobson, C.E., 2 vols. 

inl. 2s. 

25, 26. MASONRY AND STONE-CUTTING, with the Principles 
of Masonic Projection Concisely Explained, by E. Dobson, 
C.E., 2 vols, in 1. 2s. 

30. DRAINING) AND [SEWAGE OF TOWNS AND BUILD- 
INGS, Suggestive of Sanatory Regulations, by G. D. Dempsey, 
C.E. Is. bU 
(With No. 29, Drainage of Lajto, 2 vols, in 1, 2s. 6rf.) 

35. BLASTING ROCKS, QUARRYING, AND THE QUALITIES 

OF STONE, by Lieut.-Gen. Sir J. Burgoyne, Bart., G.C.B., 
R.E. Is. 6d. 

36, 37, 38, 39. DICTIONARY OF THE TECHNICAL TERMS 

used by Architects, Builders, Engineers, Surveyors, &c., 
4 vols, in 1. 4s. 

In cloth boards, 55. ; half morocco, <&. 
42. COTTAGE BUILDING, or Hints for Improving the Dwellings 
of the Labouring Classes. Is. 

44. FOUNDATIONS AND CONCRETE WORKS, A Treatise on, 

byE. Dobson, OE. 1*. 

45. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, &c., 

by G. R. Burnell, C.E. 1*. 
57, 58. WARMING AND VENTILATION, by Charks Tomlinson, 
2vols.ini. 29. 
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4 SCIENTIFIC AND MECHANICAL WORKS. 

111. ARCHES, PIERS, AND BUTTRESSES, the Principles of 
their Construction, by W. Bland. 1*. 6d, 

116. ACOUSTICS; Distribution of Sound, by T. Roger Smith, 
Architect. Is. Qd. 

123. CARPENTRY AND JOINERY, a Treatise founded on Dr. 

Robison's Work. Is. Qd. 

123*. ILLUSTRATIVE PLATES to the preceding. 4s. 6d. 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Dr. Robison's Work. Is. 6d. 

124*. IRON ROOFS of Recent Construction— a Series of De- 
scriptive Plates. 4s. Qd. 

127. ARCHITECTURAL MODELLING* Practical Instructions in 
the Art. Is. Qd. 

128, 129. VTTRUVTUS ON CIVIL, MILITARY, AND NAVAL 
ARCHITECTURE, translated by Joseph Gwilt, Architect, 
with Illustrative Plates, by the Author and Joseph Gandy, 
2 vols, in 1. 6s. 

130. GRECIAN ARCHITECTURE, Principles of Beauty in, by 
the Earl of Aberdeen. Is. 

132. ERECTION OF DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2s. Qd. 



MACHINERY AND ENGINEERING. 

33. CRANES AND MACHINERY FOR LIFTING HEAVY 

WEIGHTS, the Art of Constructing, by Joseph Glynn. 1*. 

34. STEAM ENGINE, by Dr. Lardner. 1*. 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES, includ- 
ing the Britannia and Conway Bridges, by G. D. Dempsey. 1*. 

47, 48, 49. LIGHTHOUSES, their Construction and Dlumination, 
by Allan Stevenson, C.E., 3 vols, in 1. 3s. 

59. STEAM BOILERS, their Construction and Management, by 
R. Armstrong, C.E. Is. 

62. RAILWAYS, Principles of Construction, by Sir E. Stephen- 
son. Is. Qd. 

62*. RAILWAY WORKING IN GREAT BRITAIN AND HUE- 
LAND, Statistics, Revenue, Accounts, &c., by E. D. Chatta- 
way. Is. 

(Vols. 62 and 62* bound in 1, 2s. 6d) 

67, 68. CLOCK AND WATCH MAKING, including Church 
Clocks and Bells, by Edmund Beckett Denison, M.A., with 
an Appendix, 2 vols, in 1. 3s. 6d. 

78, 79. STEAM AND LOCOMOTION, on the Principle of connect- 
ing Science with Practice, by John Sewell, L.E., 2 vols, in 1 . 2«. 
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78* LOCOMOTIVE ENGINES, > Treatise on,Jby G. Drysdale 
Demspey, C.E. Is. 6d. 

79*. ILLUSTRATIONS TO THE ABOVE. 4*. 6d. 

98, 98*. MECHANISM AND THE CONSTRUCTION OF MA- 
CHINES, by Thomas Biker, C.E.; and TOOLS AND MA- 
CHINES, by J, Nasmyth, C.E., with 220 Woodcuts. 2s. 6d. 

114. MACHINERY, its Construction and Working, by C. D. Abel, 

C.E. ls.Sd. 

115. ILLUSTRATIVE PLATES TO THE ABOVE, 4to. 7s. M. 
139. THEORY OF THE STEAM ENGINE, by T.Baker, CJS. Is. 



CIVIL ENGINEERING, &c. 

13, 14, 15, 15*. CIVIL ENGINEERING, by Henry Law, 3 vols. ; 

with Supplement by G. R. Burnell, 4 vols, in 1. 4*. 6d. 
29. DRAINING DISTRICTS AND LANDS, the Art of, by G. D. 

Dempsey, C.E. Is. 
(With No. 30, Drainage and Sewage op Towns, 2 vols, in 1, 2s. 6d). 
31. WELL-SINKING AND BORING, by John G. Swindell, 

revised by G. R. Burnell, C.E. Is. 
46. ROAD-MAKING, the Construction and Repair, by S. C. Hughes 

and H. Law, C J)., and Gen. Sir J. Burgoyne, Bart., G.CJB., 

RJS. ls.M.: 
60, 61. LAND AND ENGINEERING SURVEYING, by T. Baker, 

C.E., 2 vols, in 1. 2s. 
63* 64, 65. AGRICULTURAL BUILDINGS, FIELD ENGINES, 

MACHINERY, and IMPLEMENTS, by G. H. Andrews, 

3 vols, in 1. 3s.) 
66. CLAY LANDS AND LOAMY SOILS, by Professor Donald- 
son, A.E. Is. 
77*. ECONOMY OP FUEL, by T. B. Prideaux. 1*. 
80*, 81*. EMBANKING LANDS FROM THE SEA, with 

Examples of actual Embankments and Sea Walls, by John 

Wiggins, F.G.S., 2 vols, in 1. 2s. 
82, 82*. POWER OF WATER, as applied to the Driving of Mills, 

and Giving Motion to Turbines, and other Hydrostatic 

Machines, by Joseph Glynn, F.R.S., C.E. 2s. 
82**, 83*, 83 bis. COAL GAS, its Manufacture and Distribution, 

by Samuel Hughes, C J). Ss. 
82***. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by Samuel Hughes, C.E. 3*. 
117. SUBTERRANEOUS SURVEYING, & RANGING THE 

LINE without the Magnet, by T. Fenwick, Coal Viewer, with 

Improvements and Additions by T. Baker, C.E. 2s. 6d. 
118, 119. CIVIL ENGINEERING IN NORTH AMERICA, by 

D. Stevenson, C.E., 2 vols, in 1. 3s. 
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120. HYDRAULIC ENGINEERING, by G. R. Burnell, OE, 

2 vols, in 1. 3*. 

121, 122. RIVERS AND TORRENTS, from the Italian of Paul 

Frisi, and a Treatise on NAVIGABLE CANALS, AND 
RIVERS THAT CARRY SAND AND MUD. 2s. 6U 
125, 126. COMBUSTION OF COAL, AND THE PREVENTION 
OF SMOKE, by Charles Wye Williams, M.I.C.E. 3*. 



SHIP-BUILDING AND NAVIGATION. 

51, 52, 53. NAVAL ARCHITECTURE, Principles of the Science, 
by J. Peake, N.A., 3 vols, in 1. 3s. 

53*. SHIPS AND BOATS FOR OCEAN AND RIVER SERVICE, 

the Principles of Construction, by Captain H. A. Sommer- 
feldt. Is. 

53**. ATLAS OF 14 PLATES TO THE PRECEDING, Brawn 
to a Scale for Practice. 7s. 6d. 

54. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 

by R. Kipping, N.A. Is. 6d. 

54*. IRON SHIP-BUILDING, by John Grantham, CJE. 2s. Qd. 
54**. ATLAS OF 24 PLATES to the preceding Volume. 22*. 6d. 

55, 56. NAVIGATION; the Sailor's Sea Book: How to Keep the 

Log and Work it off, &c.; Law of Storms, and Explanation of 
Terms. 2*. 

80, 81. MARINE ENGINES AND THE SCREW, by R. Murray, 
CJ3., 2 vols, in 1. 2s. 6d. 

83 bis. SHIPS AND BOATS, the Principles of Construction, by 
W. Bland, of Hartlip. Is. 

99, 100. NAVIGATION AND NAUTICAL ASTRONOMY, by 

Professor Young, 2 vols, in 1. 2s. 

100*. NAVIGATION TABLES, compiled for Practical Use with 
the preceding volume. Is. Qd. 

106. SHIPS' ANCHORS FOR ALL SERVICES, by G. Cotsell, 
NA.. ls.6U 



ARITHMETIC AND MATHEMATICS. 

32. MATHEMATICAL INSTRUMENTS, AND THEIR USE, 
by J. F. Heather, MA.. 1*. 

61*. READY RECKONER for the Measurement of Land, its 
Valuation, and the Price of Labour, by A. Annan, School- 
master. Is. (yd. 
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76, 77. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows 
and Perspective, and a Description of the Principles and 
Practice of Isometrical Projection, by J. F. Heather, M.A., 
2 yols. in 1. 2s. 

83. BOOK-KEEPING, by James Haddon, M.A. Is. 

84. ARITHMETIC, with numerous Examples, by Professor J. R. 

Young. 1*. 6d. 

84*. KEY TO THE PRECEDING VOLUME, by Professor J. R. 
Young. 1*. 6d. 

85. EQUATIONAL ARITHMETIC: Questions of Interest, An- 

nuities, &c., by W. Hipsley. la. 

85*. EQUATIONAL ARITHMETIC: Tables for the Calculation 
of Simple Interest, with Logarithms for Compound Interest, 
and Annuities, by W. Hipsley. Is. 

86. 87. ALGEBRA, by J. Haddon, MJL, 2 vols, in 1. 2s. 

86*, 87*. ELEMENTS OF ALGEBRA, Key to the, by Professor 
Young. 1*. Qd. 

88, 89. GEOMETRY, Principles of, by Henry Law, C.E., 2 vols. 

in 1. 2s. 
90. GEOMETRY, ANALYTICAL, by James Hann. 1*. 

91, 92. PLANE AND SPHERICAL TRIGONOMETRY, by 
Prof. James Hann, 2 vols, in 1 (The two divisions separately, 
Is. each). 2s. 

93. MENSURATION, by T. Baker, C.E. 1*. 

94, 95. LOGARITHMS, Tables of; with Tables of Natural Sines, 

Co-sines, and Tangents, by H. Law, C.E., 2 vols, in 1. 2s. 6d. 

97. STATICS AND DYNAMICS, by T. Baker, C.E. 1*. 

101. DIFFERENTIAL CALCULUS,by Mr. Woolhouse,F.R.A.S. la- 
101*. WEIGHTS AND MEASURES OF ALL NATIONS 

Weights of Coins, and Divisions of Time ; with the Principles 
which determine the Rate of Exchange, by Mr. Woolhouse, 
F.R.A.S. ls.6d. 

102. INTEGRAL CALCULUS, by H. Cox, MX 1*. 

103. INTEGRAL CALCULUS, Examples of, by Prof. J. Hann. 1*. 

104. DIFFERENTIAL CALCULUS, Examples of, by J. Haddon, 

M.A. Is. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, First 

Mnemonical Lessons in, by the Rev. T. P. Kirkman, MJL Is. 6d. 
131. MILLER'S, FARMER'S, AND MERCHANT'S READY- 
RECKONER, showing the Value of any Quantitv of Corn, 
with the Approximate Value of Mill-stones and Mill Work. la. 

136. RUDIMENTARY ARITHMETIC, by James Haddon, M.A., 

with Additions by A. Annan. Is. Qd. 

137. KEY TO THE ABOVE, containing Answers to all the Ques- 

tions in that Work, by A. Annan. Is. Qd. 
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NEW SERIES OF EDUCATIONAL WOEKS. 



[This Series is kept in three styles of binding — the prices of each 
are given in columns at the end of the lines.] 



HISTORIES, GRAMMARS, AND DICTIONARIES. 



I, 2, 3, 4. CONSTITUTIONAL HISTOEY OP 

England, by W. D. Hamilton . 

5, 6. OUTLINES OF THE HISTOBY OP 
Greece, by E. Levien, M.A., 2 vols, in 1 . 

7, 8. OUTLINES OP THE HISTOEY OF 
Rome, by the same, 2 vols, in 1 

9, 10. CHRONOLOGY OP CIVIL AND 
Ecclesiastical History, Literature, Art, and 
Civilisation, from the earliest period to the 
present, 2 vols, in 1 

II. GRAMMAR OF THE ENGLISH LAN- 

guage, by Hyde Clarke, D.CL. 

11*. HAND-BOOK OP COMPAEATIVE 
Philology, by the same .... 

12, 13. DICTIONAEY OF THE ENGLISH 

Language, as spoken and "written; above 

100,000 words, or 50,000 more than in any 

existing work, by the same, 3 vols, in 1 . 

, with the Grammar 

14. GRAMMAE OP THE GREEK LAN- 
GUAGE, by H. C. Hamilton 

15, 16. DICTIONAEY OF THE GEEEK AND 
English Languages, by H. E. Hamilton, 
2 vols, in 1 

17, 18. DICTIONAEY or the ENGLISH and 
Greek Languages, by the same, 2 vols, in 1 

GEEEK AND ENGLISH 

and English and Greek, 4 vols, in 1 . 
, with the Greek Grammar 



19. GEAMMAR op THE LATIN LANGUAGE, 

by the Eev. T. Goodwin, A3. . 

20, 21. DICTIONAEY OF THE LATIN AND 
English Languages, by the same. Vol. I. 

23. DICTIONAEY OF THE ENGLISH 
and Latin Languages, by the same. Vol. II. 

, 2 vols, in 1 . 

, with the Latin Grammar 

GRAMMAR OF THE FRENCH LAN- 



22, 



24. 



guagk, by G. L. Strauss, Ph. Dr. 
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25. DICTIONARY OP THE FRENCH AND 

English Languages, by A. Elwes. Vol. I. 

26. DICTIONARY OF THE ENGLISH AND 

French Languages, by the same. YoL II. 

, 2 toIs. in 1 . 

, with the French Grammar . 

27. GRAMMAR OF THE ITALIAN LAN- 

GUAGE, by the same 

28. 29. DICTIONARY OF THE ITALIAN, 

English, and French Languages, by the 
same. Yol. I 

80, 31. DICTIONARY OF THE ENGLISH, 
Italian, and French Languages, by the 
same . Y ol. II. . . 

92, 33. DICTIONARY OF THE FRENCH, 
Italian, and English Languages, by the 
same. YoL III. . . • • • • 

, 3 vols, in 1 . 

f with the Italian Grammar . 

34. GRAMMAR OF THE SPANISH LAN- 

GUAGE, by the same . 

35, 36, 37, 38. DICTIONARY OF THE 

Spanish a- nd English Languages, by the 

same, 4 vols, in 1 

, with the Spanish Grammar . 

39. GRAMMAR OF THE GERMAN LAN- 

GUAGE, by G. L. Strauss, Ph. Dr. 

40. CLASSICAL GERMAN READER, from 

the best authors, by the same . 
41,42,43. DICTIONARIES of the ENGLISH, 

German, and French Languages, by N. E. 

Hamilton, 3 vols., separately Is. each 

, with the German Grammar . 

H 45. DICTIONARY OF THE HEBREW 

and English Languages, containing the 

Biblical and Rabbinical words, 2 vols. 

(together with the Grammar, by Dr. Bress- 

lau, Hebrew Professor .... 

46. DICTIONARY OF THE ENGLISH AND 

Hebrew Languages. Yol. III. to complete, 

by the same 

, 3 vols, as 2 . 

46*. GRAMMAR OF THE HEBREW LAN- 
GUAGE, by Dr. Bresslau 

47. FRENCH AND ENGLISH PHRASE 

Book 
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10 GREEK AND LATIN CLASSICS. 

Now in the course of Publication. 

GREEK AND LATIN CLASSICS. 

A Series of Volumes containing the principal Greek and Latin Authors, accom- 
panied by Explanatory Notes in English, principally selected from the best and 
most recent German Commentators, and comprising all those Works that are 
essential for the Scholar and the Pupil, and applicable for the Unirersities of 
Oxford, Cambridge, Edinburgh, Glasgow, Aberdeen, and Dublin; the Colleges at 
Belfast, Cork, Gal way, Winchester, and Eton; and the great Schools at Harrow, 
Bugby, &c, also for Private Tuition and Instruction, and for the Library. 



LATIN SERIES. 

1. A New LATIN DELECTUS, Extracts from Classical Authors, 

with Vocabularies and Explanatory Notes. Is. 

2. OESAR'S COMMENTARIES ON THE GALLIC WAB; 

with Grammatical and Explanatory Notes in English, and a 
Geographical Index. 2s. 

3. CORNELIUS NEPOS ; with English Notes, &c. 1*. 

4. VIRGIL. The Georgics, Bucolics, and doubtful Works ; with 

English Notes. 1*. 

5. VIRGIL'S JENEID (on the same plan as the preceding). 2b. 

6. HORACE. Odes and Epodes; with English Notes, and 

Analysis and Explanation of the Metres. Is. 

7. HORACE. Satires and Epistles ; with English Notes, &c. ls.Qd. 

8. SALLUST. Conspiracy of Catiline, Jugurthine War. Is. 6d. 

9. TERENCE. Andria and Heautontimorumenos. Is. 6d. 
10. TERENCE. Phormio, Adelphi, and Hecyra. 2s. 

14. CICERO. De Amicitia, de Senectute, and Brutus. 2s. 

16. LIVY. Books i. to v. in two parts. 3s. 

17. LIVY. Books xxi. and xxii. 1*. 

19. Selections from TLBULLUS, OVID, and PROPERTIUS. 2s. 

20. Selections from SUETONIUS and the later Latin Writers. 2s. 

Preparing for Press. 



11. CICERO. Orations against 
Catiline, for Sulla, for Archias, 
and for the Manilian Law. 

12. CICERO. First and Second 
Philippics ; Orations for Milo, 
for Marcellus, &c. 



13. CICER O. Be Officiis. 

15. JUVENAL and PERSIUS. 
(The indelicate passages ex- 
punged.) 

18. TACITUS. Agricola; Ger- 
mania ; and Annals, Book i. 
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GREEK SERIES, 

ON A SIMILAR PLAN TO THE LATIN SERIES. 

1. INTRODUCTORY GREEK READER. On the same plan 

as the Latin Reader. Is. < 

2. XENOPHON. Anabasis, i. ii. iii. Is. 

3. XENOPHON. Anabasis, iv. v. vi. vii. Is. 

4. LUCIAN. Select Dialogues. Is. 

5. HOMER. Iliad, i. to vi. Is. 6d. 

6. HOMER. Iliad, vii. to xii. Is. 6d. 

7. HOMER. Diad,xiii. to xviii. Is. 6d. 

8. HOMER. Iliad, xix. to xxiv. Is. 6d. 

9. HOMER. Odyssey, i. to vi. Is. 6U 

10. HOMER. Odyssey, vii. to xii. Is. 6d. 

11. HOMER. Odyssey, xiii. to xviii. Is, 6d. 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns. 2s. 

13. PLATO. Apology, Crito, and Phaedo. 2s. 

14. HERODOTUS, i. ii. Is. 6d. 

15. HERODOTUS, iii. iv. 1*. 6d. 

16. HERODOTUS, v. vi. and part of vii. Is. 6d. 

17. HERODOTUS. Remainder of vii. viii. and ix. Is. 6<7. 

18. SOPHOCLES; (Edipus Rex. Is. 
20. SOPHOCLES; Antigone. 2s. 

23, 24. EURIPIDES ; Hecuba and Medea. Is. 6d. 

26. EUKIPIDES; Alcestis. Is. 

30. -&SCHYLUS; Prometheus Vinctus. Is. 

40. ARIS TOPHANES ; Acharnians. Is. 6d. 

41. THUCYDIDES, i. Is. 
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19. SOPHOCLES; (Edipus Co- 
lonaeus. 

21. SOPHOCLES; Ajax. 

22. SOPHOCLES; Philoctetes. 
25. EURIPIDES; Hippolytus. 

27. EURIPIDES; Orestes. 

28. EURIPIDES. Extracts 
from the remainingplays. 

29. SOPHOCLES. Extracts 
from the rem aining plays. 

31. ^SC HYL US; Persse. 

32. -&SCHYLUS ; Septem 
contra Thebes. 



33. ^SCHYLUS; Choephora. 

34. JESCHYLUS ; Eumenides. 

35. ^ESCHYLUS; Agamemnon. 

36. jESCHYLUS; Supplices. 

37. PLUTARCH; Select Lives. 

38. ARISTOPHANES; Clouds. 

39. ARISTOPHANES; Frogs. 

42. THUCYDIDES, ii. 

43. THEOCRITUS; Select 
Idyls. 

44. PINDAR. - 

45. ISOCRATES. 

46. HESIOD. 
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12 EDUCATIONAL WORKS. 



LE PAGE'S FRENCH COURSE. 

" The sale of many thousands, and the almost universal adoption of these 
clever little books by M. Lb Page, sufficiently prove the public approbation 
of his plan of teaching French, which is in accordance with the natural 
operation of a child learning its native language." 

LE PAGE'S PETIT LECTUER DES COLLEGES; or, The French 
Reader tor Beginners and Elder Classes. A Sequel to "L'Echo 
de Paris." In 1 vol., 12mo. cloth. In Preparation. 

LE PAGE'S FRENCH SCHOOL. Part I. L'ECHO DE PARIS; 
being a Selection of Familiar Phrases which a person would hear daily 
if living in France. Price 3s. 6d. cloth. 

LE PAGE'S FRENCH SCHOOL. Part II. THE GIFT OF FLUENCY 
in French Conversation. "With Notes. Price 2s. 6d. cloth. 

LE PAGE'S FRENCH SCHOOL. PART III. THE LAST STEP 
to French ; with the Versification. Price 2s. 6d. cloth. 

LE PAGE'S FRENCH MASTER FOR BEGINNERS ; or, East Lessons 
in French. Price 2s. 6d. cloth. 

LE PAGE'S PETIT CAUSEUR; or, First Chatterings in French. 
Being a Key to the Gift of French Conversation. Price Is. 6d. 

LE PAGE'S NICETIES OF PARISIAN PRONUNCIATION. Price 6d. 

LE PAGE'S JUVENILE TREASURY OF FRENCH CONVERSATION. 
"With the English before the French. Price 3s. cloth. 

LE PAGE'S KEY TO L'ECHO DE PARIS. Price Is. 

LE PAGE'S FRENCH PROMPTER. A Handbook for Travellers 
on the Continent and Students at Home. Price 4s. cloth. 

LE PAGE'S READY GUIDE TO FRENCH COMPOSITION, French 
Grammar by Examples, giving Models as Leading-strings throughout 
Accidence and Syntax. Price 3s. 6d. cloth. 



Fifth Edition, improved and corrected, in I vol. I2mo., neatly 
bound, price 2s. 6d., 

TATE'S ELEMENTS OF COMMERCIAL ARITHMETIC; 

Containing a Minute Investigation of the Principles of the Science, and 
their general application to Commercial Calculations, in accordance 
with the present Monetary System of the World. By William Tate, 
Principal of the City of London Establishment for finishing Young 
Men for Mercantile and Banking Pursuits. 

KEY TO THE ABOVE, 12mo., bound, 3s. 6d. 
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